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. THE EFFECTIVENESS OF USING™ N
COMPUTER EXTENDED ms;abcrmx TO TEACH

BASIC CONCEPTS OF INTRODUCTORY CALCULUS )

' Martin T. Lang // ’ -
" California Polytechnic State University
' . San Luis Obispo, California 93407

. : : /
- ‘ ’ e - / ' "
ABSTRACT: The purpose of this experimental study was to develop and evaluate a pq&ticular oode of
computertngended instruction (CEI) 4in\ introductory calculus. Prepared computer #rograms were used by .
students. an otherwise conventional Talculus class to investigate the concepts ¢f functiond, limits and
derivatives. The CEl was evaluated on two dizmensions: concept attainment and seheral knowledge. . B
, The results indicated that the use of CEI can have a significant effect on the léarning of basic concepts
of introductory calculus. Male students seemed t© benefit particularly from the. CEI, while female
students were not measurably affected by it. No significant effect on the learning of general knowledge
- in calculus was observed. However, there was some indicgtion of the presence of a differential effect
- (interact%on) of the CEI on students with varying kpveld‘of proficiency in algebra and trigonometry.

¢ There is a growing awareness among educators
that the vast capabilities of modern computers
have brought. us to the verge of a revolution in
t education that far exceeds anything that man has
ever experienced. It is easy to see that the com-
- puter technology which now exists could readily ~
provide us with.a totally q&fferent instructional
prograc in our schools. Some changes have already
been implemented while needed experimentation is
continuing briskly in all areas df instruction.
Mathematics educators have been interested in
this computer revolution right from the start. In
. fact, most of the pioneering studies i{n computer
aided learning were done with mdthematica sfudenta
at various levels. This interest has expanded ex-
ponentially so that now many mathematics educators

feel that the computer will soon become & standard.

tool throughout the mathematics curriculum. It is

therefore of great importance that we direct our

attention toward devising effective modes pf com-
~

puter utilization in the classroom. R

In this paper I would like to describe a te-
search study which concerned itself with the
| development, implementation and evaluation of a
particular type of computer use in an introduc-
tory calculus claas. )

Modes of Computer Use in-Mathematics Education - .~
1 ]

Sevaral modes of computer utilization have
\ been suggested for mathematics programs in the
schools and colleges. Three general categories
that are often mentioned are Computer Aasisted
Instruction (CAI)sm Computer Managed Instruction
\ (CM1) and Computer Extended Instruction (CEI). A
\ brief if somewhat oversimplified explanation will
serve to distinguish these categories.

. »
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In CAI, the computer more or less assumeg the
role of the instructor. It may be used for the

" purpose of presenting a particular learning se-

quence, providing drills dnd exercises to the
student, and testing diagnostically as well as
for mastery (Suppes, 1968). Though the teacher'is
not replaced, many of his traditional functions
are altered and he is freed to concentrate orr i
diyidual problems in his class.
¢ >

CMI, on the other hand, provides a managerial .
tool for the instruttor. The functien gfvthe
computer in CMI is to assisy the teacher and the
student in placning instructional sequénces.
Through repeated diaﬁnos ic evaluations and de-
tailed record keeping handled by the copputer, a
student is able to .receive individualizeéd pre-
scriptions. for learning tasks.

: Y .

CEI is a_label which has bekn used to de-
gcribe the rolé of computers as a supplementary
teaching tool in a conventional classroom setting
(Bitter, 1971; Dorm, 1970). Though the instruc-
tion is not presented on the computer, CEI is
intended to provide the teacher with instructional
capabilities that’ would not otherwise be possible.
At the same time the student'can be provided with
a tool to aid him in mathematical explorations
far beyond his usual limits. In this mode, the
computer becomes a type of laboratory device which
can be used as an aid to the teacher in presenting
material to the students or as & means of leading
students to observe mathematical properties, to
discover nathematical relations, and to perceive
mathematical concepts. ( .

It was this third céteéogy, Computer Extended
Instructioh, Which was the focus of this research
study. The specific objectives were to develop
and evaluate a particular mode of CEI in a col-

lege level introductory calculus course.
. P

‘
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Related Studies
The use of CEI in an introductory calculus

course has received attention by'a number of re-
searchers in recent years. Already nine years ago,
Smith (1970) conducted an experiment with honors

[ level calculus students in which the students were
giver special computer assignments to investigate
the lipit of functions. In 1968, Fiedler (1969)

. carried out a study to determine whether students
develop a deeper grasp of some of the concepts of
calculus through programming problems dealinfy with,
these cofcepts on a computer. Later duxdsg%a 2
same year, Bitter (1970a) conducted an expe )qen-

tal calculus course in which students used a"time-

- sharing system to work special compucer'hssign-
ments. The objectiye was agaim to illustrate and
fortify some of the bdsic concepts of calculus. ,

. The experiment by Bitter was repeated with some
revisions the following year and a formal educa-

- tional study was carried out to assess the effec- .

“tiveness of this approach (Bitter,.1970b).
Holoien (1970) conducted another study in the Fall
of 1969 using soke computer augmentation with stu-
dents of introductory calculus and a few years

’  later Bell (1972) devised still another experiment

’:here certain conputer projects were used to en-

yance the learning of calculus concepts.
‘

Though not all of these studies produced con-
cIusive results, the studies of Bitter, Holoien,
and Bell seemed to give gstrong, indication that the

. use of CEI in intrbductory calculus provided an

‘ effective means of improving instruction. Statis-
tically significant results were obtained by each
of these researchers favoring CEl groups over
classes receiving only conventional instruction.

It seemed also_transparent. in chesq results that

the teaching of fundamental concepts of calculus,
‘such as functions, limits, derivatives, etc.,
rather than techniques was most positively bene-
firted with the use of CEI.

A Special Mode of CEI

Although the above mentioned studies were all

simflar in their objectives, the nature of the

. CEI that was employed was quite different in each
case. This resulted both from the difference in
conputing power available on the various campuses
and the difference in the philosophy of how the
computer should be used. In all cases cited
above, students were required to learn a simple
computer programming language and to ‘write some
of their own programs. N

Because of certain problems encountered whe!l
students must write their own programs'to’ illus-
trate a mathematical concept, it was decided for °
this study to develop several programs which
would be readily available and usable by the stu-
N dents, including those with little or no know-

s ledge of computer programming. Consequently,
programs were devised by the experimentor to 5
illustrate functions, graphs, limits of functions
and derivatives. The programs were general in”
nature, requiring the student to supp}y the func-
tion to be investigated and the necessary para- ~/
meters (e.g., a value where the limit of the
tunction was to be taken). The programs were

W stored on disk files on a large multi-programmed
. A Y ’
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few minutes -- providing the students with almost
irmediate .results and the opportunity to freely
experiment with varying inpu{ parameters.

The type of computer extended calculus des-
cribed above was abeled the "PCP mode of CEI" N
(Prepared Computer Programs made) to distinguish
it from other forms of CEI. (At the timg the

study*was tad®, this forn of computer use was

apgxqpriatt for. the gatticufdr - + ' 7 v

students involved. imilar types of CEI could of
course be devised on time-sharing systehs using
teleprinters as-1/0 devices.) .

All' the coéputer augmenf%tion was accomp@ished
through special supplementary assignzents which
directed the students to investigate certain phe-
nor¢na regarding various mathematical functigps
The emphasis was on teaching the underlying con-
fcepts “of calculus and not on tea;hing problen-
solvin& or cechniques

- . P

Experimental Design ’ ' "

To assess the effectiveness of using this
special mode of CEl in introductory calculus, an
experimental” setting was created and several for-
mal hypotheses were formulated and tested» The , °
design for the experinent was the (non-equivalent)
pretest-pogttest control group design {(Campbell N
and Stanley, 1963). ng,pretests were n to .
the subjects to control for initial differences in 4
preparation in precalculus mathematics, while two -
posttests served as separate measures of effec- ' -
tiveness in the study.

’

| . .

Procedures L ‘ .

The students involved-in this exXperiment 'were
selected from introductory cdlculug classes in the B
Fall semester of 1972 at the University of Texas
at Austin. -

‘\
- i}
. : 1 !
computer system (CDC 6600/6400) and were accessed
through the submission of four or five control s
cards in the batch processing mode. Turnaround .
tine was minimal- on this sys% -- usually only a

Two lecture classes taught by senior faculty -

.members were arbitrarily selected to participate '

Yin the experiment. Each of these classegwas

+ gsubdivided into four dispussion gections, headed
by two teaching ass tants. Thus a total of two
professors and [four teaching assistants (besides
the experimentor) were indirectly “4nvolved in the
study. Complete test data were available for

. subsequent analysis from 84 students in these . .
olasses, and from this group certxin ‘subsamples ,

were deftfhed. ) .
~ . .

special mode of CEI in introductory calculus, the
sample was partitioned into two gropps.,’Four out
of the eightﬁdiscussion gections *involved in the
study were sg¢lected to comprise the experimental
or CEI group, while the remainder was designated
as the control or Non-CEI group. .This assignment
of intact classes to the CEI and Non=CEl groups
was random,-but subject to certain constraints
which assured a crossing of professors, teaching
assista

mts and class time with the experimenjal
variable, Bot oups wera provided supplementary

‘ . . T \()‘

In order to evaluate the effectiveness of this i




assignments, but the computer augmentation was
confined strictly to the CEI BYOUP. o

Several spocific questions (which are given in
the next section together with their responses)
were considered during the evaluative phase of
this study. (The fermal hypotheses. relevant to
these questions %4111 not be stated here.) Stafis-

<:; . tfcal tests wvere made using two Sseparate crite-

rion measur&s. One of these was the author-
. produced Calculus-Concepts Tesr, a test of the

- basic concepts of introdudtory calculus, while the

gecond criterion was the Calculus-General Test, a

standardized test of general knowledge in intre-

- ductory calculus. Two standardized precalculus
tests, one in algebra and one in trigonometry.
served as covariates in the study. The general
technique of analysis used was the multiple linear *

regression analysis. i
» [

o Conclgsions

»
. The three fundamental questions that were

asked in thii study and their responses which are
based on the statis%ical analyses follow.

Question 1. Does the PCP mode of CEI, when
used in ah introductory college calculus ciass,
have a positive effect on achievement and concept
attainment?

The dtatiftical tests of the main hypothesis
which pertained to this question provided strong
indications that an affirmative answer is justi-
fied when ‘the focus is on concept attainment,
especially for the male students. When congider-

’ ing those students in the sample who shqwed active
. ) patticipation in the experiment, a nearly signifi-
cant (o = .059) difference in adjusted mpans was

observed on the Calculus-Concepts Test favoring
the CEI group over the Non-CEI group. Fdr the

5 subsample consisting of only male students, this
*difference was clearly significant (a = 016).
again favoring the CEI group. No significant
difference was npparent for the female subsample, ¢

kbn the other hand, when achievément in calcu-
. lus was measured by a test of general kn0v1edge
(the Calculus~Geperal Test), ro stntiatically sig-
4 nificant differences between the CEI and Non-CEI
groups were apparent. It should be kept in mind,
however, “that the CEI was not aimed at teaching
general techniques, but was primarily designed to
¢ elucidate the basic concepts of calculqs.

] el -

The gnalysia pertinent to Question,l revealed
.+ therefore that the use of CEI can be an effective
supplementary tool in teaching the basic concept's
of calculys. However, with the particylar objec-
. + tives which were used in this study, the CEI
seéms to bé of questionable value in bringing
about improvement in the general niques of
calculus, although ther# are gpparqntly no dele-
terious effects. This is 1n pricise agreement
with the finding of Bell (1972). Holoien's (19]»
results seem.also to point in this direction sincé
he found that certain concepts, such as the limit
of a function and the evaluation of a functiomn,
seemed ro benefit more directly by the computer
augmentation than other topids. Bitter (1970b)
. . found in his experiment that even on a general

ERIC | !
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CEI in calculusé;pérticufarly toward teaching the '

. and so forth, 'seems to point toward the. fact that

fome indigation that students with high trigonome-
t

~while the reverse seemed to be true for students

" of the Non-CEI group whenever the linear inequal-

mode of CEI different between the,malﬂ!and female

‘
vs

tg%t, the CEI group outperformed the Non-CEI group. |

*Nc separate test of the effects on concept attain-

ment was made by Bitter.

It will be observed that since each of these
studies utilized different modes of CEI in calcu-
lus, they cannot be cdnsidered as replications. . v
Nevertheless, the general support for the yse of
basic concepts functions, limirs, derivatives,
the computer can be used: eﬂfectigely tSé enhance
calculus instructiod. Therefore serious thought
should be given toward implementing CE: in iotro-.
ductory calculus in our colleges and universities.

/

Question 23 Is there a differential effect /
from the use of the PCP mode of :CEI on students '
of varying 1evels of ability in precalculus pathe~
matﬁcs .

The results of the anaI}ses dealing with this. b
question showed that when the criterion: Is concept
attainment, there is no reason to sdspect any .
interactjon. of treatment vith.prior achievemeft in
precalculus mathematics. ‘However, when a test of .
general knowledge was the crizerion, there was’ .

ry pretest scores benefitted more from the CEI in
calculus than those with low trigongmetry scores, -

with high algebra pretest scores. In the’ statis-
tical tests, this differential effect of CEI on
students with varying levels of precalculus Lo
achievement™ was observed to be close to dignifi-
cant, with an a-level of .084. Thus the answer ‘
may well be affirmative when a general knowledge
of calculus is of primary concern. '

Figure 1 shows the regression planes for the
CEI and Non-CE]l groups and indicates the region
where the expected score of the CEI group exceeds
that of the Non-CEI group for different combina- .
tions of trigonﬁmetry and algebra pretest scores,
From the equations of the regression planes, it
can be shown that the predicted score for a"member
of the CEI group is greater than that for a member

ity 35A - 29T < 348 1is satisfied, where A and T
are the Algebra and Trigonometry pretest Scores.
p . .

1f.this result regarding the effect of CEI on
the acquisition of general knowledge in calculus
can be substantiated in further research, it may .
be advisable to use different Strategies of In-
struction —— some with CEI, others 'withoyt -- for
students of varying levels of priotr achievement in -
trigonometry and algebra. Considerably more re-
search is necessary, however, before any such >
conclusions are warranted. - AN i

Question 3. Is the effect of using the PCP

students?

-

In regard to this question, *the.statistical
tests provided some efidence that there is & dif-
ference in the. effectiveness of using CEI between
the male and female students when the criterion.is -
concept attainment. The test of the main hypothe~ °
8is uaing only male subjects fevealed that the

l L4
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adjusted means on the Calculus-Concépté’Test were
significantly ‘(s =',018) higher for the CEI group
than fof the Non-CEI group. A similar test re- =
stricted to the female subsample showed no signifi-
cant differenck. On the other hand, when the

Calculus~General Test was used as criterion, there .

Pegression Planes for CEI

were no,significant differences between the CEI and

NonsCEI groups for either the male or female sub-
samples.

The fact that the male subjects apparently re-
sponded more favorably to the CEI than the femdle
subjects substantiates a similar observation by
Bitter (1970b) who surmized that this difference
may be the result of a difference in attitude -
toward mechanical devices by these two groups. It
may also be possible that the female students tend,
to be more apprehengive and fearful ,than the male
students when confronted with new and unfamiliar
situations. The experimentation in. computer ex~
tended instruction certainly provided some uncer-
tainties for the students throughout the semester,
and it may be this factar that destroyed the poten-
tial effectiveness of the CEI for the female
students.

Possible implications of this result are that
different modes of instruction may be appropriate
for male and female subjects in order to achieve
optimal learning in calculus. Much more research
18 needed before such action is contemplated, for
it may well be that there is a need to provide the
female students with more opportunities of dealing
.with mechanical devices or of exposing them to
more unique and unfamiliar situations at an earlier
age é: as to eliminate any unusual misgivitigs they
may have toward computers.
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and Non-CZT Groups .

Limitations* .

Sevetal factor§ which may have affected the
outcomes of Shis experiment should be considered
when evaluating the results. Any conclusions
based on this study must be tempered with these
limitatiomrs in mind. , =~ .

1. . The subjects who were included in the ex-"
periment were all students who had enrolled in
the introductory calculus classes taught by two'
cooperating professors at the University of Texak.
Although the assignment of subjects to the exferi-
mental and control groups involved a process of :
randomization, the original selection of the
sample,from the total population of introductory
calculus students at the University of Texas at
Austin was not random. Therefore, any generaliza-
tions beyond this population at the University of:
Texas will require even greater care.

2. The homework assignments which served as
the vehicle for the CEI were supplementary and
were given fn addition to convention
relating to the class lectures. Sinc
mentary assignments were given to thi students’
through their teaching assistants while the regu-
lar assignments originated directly from their
professors, there was a tendency for the students
to place more weight on the regular assignments.
This fact seems to have significantly reduced the

"number of active participants in the experiment

and may in addition have diminished the impact of
the computer augmentation.

. . .
3. Although the problems which were investi-
gated in the supplementary assignments involved
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standard gopics from introductory calculus, the
timing aflthe assignments was not precisely co-
ordirfated with the lecture presentations of these
topies. Thus the effect of the CEI may conceiv-
ably be increased with a closer conformity of the
assignment$ with the classroom presentat}ons.

* -
. 4. Independent inyestiigations apart from the

assigned problems using the prepared ‘computer

progranms were also engouraged, but the rapid pace

. that is typical in a beginning calculus course
and the considerable demands placed on the stu-

. dents due to the dual sets of homework assignments
seezed detrimental to the realization of the goal
of individual experimentation. Closer coordina-

—_tion of the CEI with both the classroom preseata-
tions and the regular assignments may also lead to
more spontaneous computer experimentation, and may
enhance the effectiveness of the CEI. :

5. The mode of CEI which was used in this ex-
periment involved the student use of prepared pro-
grams dealing with certain basic concepts of in-
troductory calculus. .Student access to the
computer was gained at dne of several remote job- ’
entry terminals, using 4 “batch-processing!' method
where turnaround time was usually between five and
ten minutes. At inssallafions where computer
turnaround time is substantially longer than this,
the positive effects of this type of CEI may be
seriously reduced. However, -minor modifications
are easily possible which would provide access to
calculus programs of this nature via on-line .
teleprinter terminals or CRT terminals when .such
terminals are readily available. )

6. The fact that no positive conclusions

could be made regarding the effectiveness of the

. CEI relative to learning the general techmiques of
calculus’ is probably due to the fact that the sup-
plementary assignments and the computer programs
were specifically intended to strengthen the under-
standing of séme of the Pasic concepts of calculus
and not the techniques. This objective wag appar-
ently accomplished without causing any deleterious
effects on the learning of techgiques. Therefore .
it should not be concluded that the CEI canngt be
used also as a tool for enhancing the learning of
other aspects of introductory calculus. The type
of assignments as well as the mode of computer use
will surely need to be altered to bring about pos-

. itive results in this direction;

v

Recommendations ’ .

The following recommendations are -suggested in
consequence og the experiences gained through the
. research study in computer extended calculus con-
ducted at the Umiversity of Texas at Austin in the
fall of 1972. .

1. When CEI is used in calculus, it should, be
carefully integrated into the regular instruction-
al program, with convertional as well as computer
oriented assignments originating from the instruc~
tor who,is primarily responstble for the course.

2. Although the use of "batch processing” in
CEI has the advantage of providing the user with

graphs, tliec use of on-line teleprinter and CRT

-« 2
. . -
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printed resulta including long lists and extensive -

<

.

- &
terminals should be carefully explored. Whenever
the' turnaround time of batch—grocessed programs is A ¥
excessive, these alternate means Of cdumputer com- »
munication seem preferable. ‘Further research is

needgd\;zcexplore the possibilities of such use
and to esg their effectiveness. *

- . .o

- 3. Because students who are unfamiliar with -
computers often have 4 considerable fear of them
or of the peripheral equipment asdociated with .
them, it is advisdble to provide some closq guid-
ance in the use of any equipment which is utilized
in conjunction ¢TEH thé TEI programs. Carefully
written instructions are important but often in-
adequate to dispel initial fears, so persoDal
instruction should be provided at the start. A
computer consultant who is familiar with the CEI
programs should also be available for additional N
help throughout the duration of the course.
\ L .
4. The use of the prepared programs should be o
as simple as possible so as to provide the student
with a readily usable means of investigating math-
ematical concepts without first requiring him to
learn a new complex skill. '

S. Additional programs illustrating basic
matheratical ideas in various courses should be
qdeveloped and research assessing their effective-
ness as part of the instructional program should

_be conducted.

6. Further investigation into the possible
. Presence of an interaction between the use of CEI
in calculus and the prior abiiity of students in. °
algebra and trigonometry is necessary. '

7. Concerns for the differential effective- .

ness of CEI on male and female students need fur-
ther research, ’ v .

Concluding Statement
The general purpose of this study was to
" develop a particular mode,of computer extended in-
. struction in introductory calculus and to assess
its effectiveness in br}nggng about learning.‘ The
results of the researgh showed that the PCP mode
of CEI which was dnveloped for ugs at the Univer-
sity of Texas at Austin can be effective in
teaching basic concepts and should be explored
more fully as an aid in calcdlus instruction. .
This generally confirms the earlier results of .
similar studjes'by Holoien (1970), Bitter (1970b)
and Bell (1972), who also found CEI to be a use-
ful tool in calculug instruotion.
Y ¢
It is true that the computers which gre gvailable
at different schools vary widely ana théz chmputer
access by stuflents is posaible in mifly Ways,’ Ex-
perimentation at the local .level witﬁ.sgvgrgi
modes of CEI in various areas of mathematical con-
tent is therefore stfongly recommended prior to a

wholesale commitment to one form or another.,
‘
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ABSTRACI. Goal Programming (a generalized extension of linear programming) is a method of allocating
resources while considering multiple objectives or goals. The brief history of geal prograuming will be
explained with reference to its development from linear programming. The basics of problem formulation
.will be discussed fpr educational settings. The primary requirement of problem formulation is an ordiffal
ranking of the goals. These goals may represent incommenSurable quantities. Likewise, tlie goals may be T
mutually conflicting. Examples of educational applications will be presented and discussed with respect to
linear programming solutions to the same or similar problems.
Goal programming is both a modification and , depend on:Lee's algorithm and his Fortran progra.
extension of linear programming (Lee, 1972). Lin- Hig prograt has also been adapte’ for time-sharing
- ear programming is the name given to thepperations on the H-P (access) system at the 'niversity of
research technique wherein a mathematical model of Iowa. ‘
a problem situation is formulated to cogtain a . . ¢
linear objective function and constraings. Through . How Goal Programming Ty ¢
the use/of an iterative algorithm knownf/as'the -~ - and °
: w.;8implex technique or a modification thareof, the- Linear Programming are Alike
. objective function and its components, (homogeneous . . )
cho}ée vartables, are optimized (maxi& zed or i. Both reqqire the formulation of a model for
rinimized) subject to the constraints. (limited re- transforming a real-world decision problem into
sources or restrictions),stated in th¢ model. ~ a prescribed format.
Jonstraints represent relationships bptween the” 2. Both are congerned with goal or,objective
choice variables and are stated as lihear ine- . achievemant. c. ]
qualitied and/or equaldities. Becausg of the 3., Both have the following mocel characteristics:
wvailability of computer programs fof performing 'a. The optimization of the-objective function
the mathematical calculations necesspry to the . t, subject to 3 set of comstraints or limgcqg .
Solution of complex linear programm ng‘problems: L. »refources. , -
. it is not the computation but ratheyr the model ' b. Variables must have the property of non-
, " formulation that is the chief concegn of‘the - » negativity. .
probelm:solver. L * ¢. “Constraints and objective function are
; T .« Idneaf, i.e. all variableés are to be the
The goal programming approach yas origimally ¢ . first power or "of the first order".. No .
formulated by Charnes and Coopéer (/1955) and named quadratic or higher order relationships may
) ‘n Volume I of Management Models f§nd Industrial be included in the model formulation.
Applications of Linear Programming (1961). The 4. Both represent a systematic attempt toward *
method presented used a weighted pbjective func- rationality in decision-making. . ‘
. > tion. Ijiri (1965) presented anplgorithm for 5. Both are adaptable to analyzing decisions.
D goal programming in which the objective function When a computer program is available to perform
‘ is prioritized rather than weighted. This causes the necessary calculations, the educational
. all resources in a problem to bg applied to the mgnagér can easily "try-out" different formula-
first goal until it is satisfied and then the tions of the problem model. .e can, for exam- :
second goal until ie is satisfipd and so on. By , ple, observe the effects upon the solution of
. 1968 Charmes and Cooper et. al., had made appli- changing the coefficients of constraint
~ations 4in the fields of media planning and man- variables. . .
vower planning. In the last six years the number . <t “ -
of articlés‘concerning goal prpgramming has in- . " How Goal Programming &
creased greatly, and one book,/in particular (lLee, . is . . LI
1972) provides an excellent idtroduction to the ,
area. Lee presented an algorfthm for goal pro-« Unlike Linear Programming, T
oramming that is a modificatipn of the standard 1. Goals —- The goals of a particular problem are .
Cional basis of the exampics |discussed here modeled as constraints althoush they may be
statementsg {written In the same format as
. " 283 .
- o
L ¢ T a _k. O ' i .
o N
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constraints) which are not restrictive or
descriptive of limited resources but positive
in nature, representing a desirable condition.
These constraint/goals will be hereafter
referred to simply as goals. Since it is not
usually necessary that.each goal in the model
be achieved exactly, goal programming allows_
for the likelihood that goals in a real-
world problem may be conflicting. The devia-
tional variables preserve the equality of
each goal when combinations of goals are con-
flicting. Although the choice variables
within goals must be consistent as to units
of measure, goals may represent incommensfir-
able quantities.

. Deviational variables -~ A featlre of gpal
programming models nof found in l'inear pro-
gramming models is the use of deviational

.variables. These variables enable all goals
to pe stated as equalities. Of primary con=-
cern are the variables known as slack and sur-
plus deviat{onal varidbles. After all goals
which are to be incorporated in the model are
identified, each must be assigned slack and/or
surplus variables. -

Objective function -- In goal programming the
objective function usually contains no chyice
variables, but rather is made up of the dévia-
tional variables contained within the goals.
When mult#te goals are thus represented in
the objective function, it is said to be
rmultidimensional. Because the optimal solu-
tjon would be the one in.which the sum of the
deviations from goals is minimal, the objec~-
tive function is always minimized. In order
that goals be achieved according to their

" importance, the deviational variables in the

objective function must be prioritized accord-
ing to the ordinal ranking of goals or the
importance of .each goal to the manager. The
same priority level may belassigned to one Hr
mote dev{ational variables. Deviational vari-
ables on the same priority’ level may be
wefghted; it is perhaps most desirable to
weight such variables when it makes clearer
that the "cost" of upderachievement of a par-

{ _ ticulare¢goal is grgaggg@géflesser than another

of equal importancé,”«The units of measure of
the deviational variiples within the objective’
function may be nonhomogeneous, é.g., repre-
senting dollars and:we%yc. rather than one
type”of unit.

e}

3.

Limitations of Goal Programming
. 0 N

Lee (1972) indicates four limitations of goal
programming as: (1) proportionality, (2) additi-
vity, (3),d{visibility and (4) deterministic.
portionality,” as a limitation, means, that the lin-
ear relutionships in the problem model must be
proportional. Additivity’ indicates that the °©
activitices expressed in the objective function
and goals must be additive in order to ensure
linearity. Divisibility means that the values for
decision variables in the optimunnsolu%ﬁbn of 4
voal programming problem can be nonintegral. Re-
cently, a sqﬁdy on integer goal programming has
appeared (Keown and-Lee, 1975), therefore it is not
anticipated that the applic¢ation of goal program-'
ing will long be limited to a fgaslble.solutidh set

\ L o

4 y L]

S 11 |

Pro-

of positive real numbers. The deterministic nature
of the goal programming model means that model
cogfficlients must bhe constants. In this sense, the
goal programming procedures is not better than most
other rational procedyres which require a "snap-
shot" of a continually changing vorld. , Again,
there is reason to believe that this dimitation may
be eliminated or at least reduced, in light of re-
cent wdrk showing that constraints ray have varia-
ble limits (Sweeney and Williams, 1974) or repre;
dent a unique probability distribution (Comtini,
1968). -

3espice its present limitations, goal program-
jmg is beljeved to be applicable to a wide range of
educationa& roblems.

N«

Educationaf Applications
9( Goal Programming
As an extension of linear programming, it is
assumed that goal programming can readily be adapt-
ed to, the solution of educational problems preEX
+ viously utilizing linear programming techniques,

’ but it appears that a greater value of goal pro-
grameing lies in its facility for providing a mote
realistic model of the decision environment than
has previously been possible with linear pfogramm-
ing. : -

Linear programming has been utilized in the
solution of such educational problems as:
L} -
1. minimizing travel distance inbusing for
integration {Ontjes, 1971). =

2. maximizing the district-wide assignment of
. teachers (Bertie._1972);
3. optimizing various aspects of a foundation type

of state aid program (Matzke, 1971).
4. determini?g unlversity faculty salaries,
(Hartley, /1973).

designing alternative forms of salary schedules
for public school teachers below the university
level (qupo, 1969,1970) . .
* Goal programming models have been created for

the solutions to such educational problems *as:

1. allocation of resources in institutions qoff
higher learning (Lee, 1972).

+ 2. determining.a job factor compensation plan in a

public school setting (Gunderson, 1975).
While applicétions‘of goal programming in edu-

cation have been relatigely scarce, there is
_reason to beljeve that it will prove to be a valu-
able decision-making aid to the school administra-
tor once programs are wigsly available {(Gunderson,

1975).
ﬁk{ .
Model Formulatiou
Ny .
The bas linear progqamming problem is

formulaated as follows:

i

0 - 30

pcimi%e 3 jnlcjxm :

“ uch cI‘un L0, x. %b b '
s ' J=171373 w1

28%. - ' .
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and x, 20
J

where a b,. and ¢, are arbitrary constants.

13’ 71
j. 3

The basic goal programming problem is formula-"

ted as follouS'n _
Min. 2 = izl' (di + di )) . .
such that Ax + 1d - Td+ =B -

and x, 4 , d+ 20

where A is a_n % n matrix, Tis a n xn iden-
tity matrix and B ts a n component column vector.

As in’any model formulacion the foLJowing

steps should be*taken: - &
L., define the variables and constraints. .
d. formulate the cgnstraint equations. .
3. develop the objective function. ’

LN

g Summary

- Goal programming is an exténsion and modifi-
cation of linear programming which allows the
educational manager to more closely simulate real-
Both linear and goal programming
are optimlzation techniques which lend themselves
to increasing the rationality of decision-making:
The foremost value of goal programming is in its
facility for.solving problems with hietrarchically
arranged, conflicting goals. While thgre ar
presently certain limitations of goal progra ing
which may slightly narrow the scope of its feasi-
ble applications, it is believed that|its poten-
tial for educaciqeal problem solving ;s vast.

i
. Examples of Educational Problgms
and ~
Goal Programming Solucions

In the'following three seccions, examples of
qoal programming applications to educatiomal prob-
lems are given. The reader will find that, while
all three eiamples are’simplified, the complexity
of the given model formdlacions increases Sub—
stantially from one model to the next.

1. Scheduling Instruction

Problem . t-

. In a highschool, 60 students are enrolled in
algebra. Those students can be taught through
large group instruction (all 60 in a class),
medium sized group instruction (30 to a class),
small group instruction (15°to d class) or indi-
vidual instruction. We need to decide how mugh
time they shodld spend in each type of instruc-
tion, subjéct to certain conditions:

Condition 1. 'Regulations require ‘that each

similarly for medium group (T ), small group (TSQ

and lndividual inseruction (T ), this may be
expressed by:

»

- ..t
TL Tyt T+ TI,+ 91 = d1 250 .

where d, 'is the number of minutes per week less

s
than 250 that Q&ch student spends in algebra and

+ <. . .
d1 is the number of minutes per week more than 250

each student spends in algebra. ’ -

¢ . .
Condition 2. Due to limited space for large
classes to meet, we would like to schddule algebra
studepts for not more than 60 minutes per week of
large group instruction. This is expressed by:
. +'
TL 'dz = 60 . B
’

where d2 is che number of minutes per week over 60

schedules for large group instruction in algebra.
Condicign 3. We would like to schedule each stu-
dent for at least 40 minutes per week of small
group jnstruct\gn. "This 1s expressed by:
[
TS- . +?3 = 40
where d3 is the numb§r of minutes per week less

than 20 that each student is silieduled into small

group instruction. . -
-

Condition 4. We wou‘d like each student to have at
least 10 minutes per week of individual. instruction.
This is expressed by:

!
!

| f Ty +d, =10

where d4-‘is the number of minuﬁes per week less

than 10 that students spend in individual
instruction. b
We would liée to limit the gamaynt of
used to teach algebra té 1,070 minutes
This is expregsed by?
+
+ -

TL 2TM + AT + 60T d5

where d5

Conditiom 5. -
teacher time

per week. .

= 1070

is the ceacher time used in excess of
Ry

-

1,070 minuteg per week.

,Priorities

™ Now priorities must be established for.the con-'"

ditions - actually for the deyiation variables, the

d's. Let us place the highest priority on each

student having at least 250 minutes of instruction
» « per week. Thig is expressed as Pl 1 - let us say

that our second prizrity is to use not more than
1,070 minutes of geac cher time per week. This is

expressed as Pzd . Simllarly, priorities are
established fof

He other deviatjon variables.
These made up ouy object Eunction which 1s
expreassed by: . )

J

- + + +
N - + +
student spend at least 250 minutes per week in Minimize Pldl + P2d5 P3d2 Phdl ¢
algebra class or individual instruction. But, S P.d. "+ Pd." !
we also want to avold having students spend more 574 63
than 250 minutes per week in algebra. “Letting T
stand for the number‘of minutes per week each .
student will spend in large group instruction and ’ . :
-
285 . . .
- N . ” -
X , .
18° . ~

t

>

.




Model e, . '
. ) .
Thus the. goal programming model fof¥ this
problen is: . '

Mininize 2 = P1d " + Pzd; + P3d2+ P4d1+ +
) Psd!‘_ + p6d3' . '
TL FTy+ T ; T, + dlfk- dl+ = 259 . i
\ TL ) =d2+’ W _6Q . -
C, ‘ g N d3' = 40
. n ’ 'Tl '+: ia' - 10 -
, T, *+ 2y 4T, + 60T, ~dg = 1070
Colution ! 3

.t b . ’
//} Solving the apove modél yields the

—
5

Lo

\

4 .

/
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‘ollowing tesults:

~

. Min/Week ’

Type of “inst.  °

N [
~targe Group (TL) 60
,‘lediun Group (TM) v F155 ' -
Small Group (TS) t e 23 '
Individual (Tl) ’ ' 10 R

ol
With that solution, students spend exactly 250
minutes per week in algebra and exactly 1070 niné
sutes per week of teacher time is used. Thus all
nditions except the one having to do with the
miputes per week for small group instruction are
met. Only 25 minutes per week are alldcated to
mall groyp instruction rather than the.40 e ..
,/2:§ced.

2. Busing . . i ,

-
. -

~* This,example will deal with the busing of

studente to achieve specified percentages (or

better a range of percentages) of students .

in schools by groups, (such as race, sex, voca-

tional'interest, etc.). There has been a great

Jdeal of work done on this problem using a linear

approach (Stimsen and Thompson, 1974). 'Here a .

zoal programming formulation of a busing problem

and the solution for a sample problem will be

presented. ’ . a '
The basic problem can be viewed as having two

requirlmencs. The first is to achfeve .a speci-

fied percentage range composition by group. The

other is to minimize transportation costs via

mirfimizatfon of total busing distance.

T The sample probfem will be.constructed as

follows. We will assume a community with three
scho and three corresponding tracts that pro-
vide’ studgnts for the three schools respectively.
* The dtudeht population by groyp, the school ‘capa-
cities, and the busing distances (using an aver-
age distance) are summarized in Tables 1 and 2.

’ * 28b

13

o

That, however, was our lowegt priority. .

. .
”-
' ‘rable 1
STUDENTS M
Tract Groué 1 ) Group 2 School Capacity
¥ o
1 450 225 “ 750
2 600 0 1000
3 50 700 650
Totals | 1100 §25 * 2400
‘Total Student Populatian: 2025 '
' Table 2
Distances to Schools (in miles),
Tract \\ 1 2 3 .
-
1 1.2 1.5 3.3 -
2 2.6 4.0 5.5 -~
3 *10.7 1.1 2.8

. A linear prggramming formulation.of this prob-
lem could only consider one objective - busing
discahcqyor percentages of students by grougs. The
goal programming formulation can consider both ob-
jectives. In'the problem four priorities will be
used., Priority one will be to have all ‘students
assigned to a school. PRiiority 2 will be to have
no school assigned more S$tudents than iis capacity
will allow. Priority 3 will be to achiéve a stu-,
dent composition such that each group falls within
a range of 40% to 60% of the total school popula-
tion. WAnd finally, priority four will be to mini-
mfze .the total busing distance. a i .

The broblem can be surmarized as follows where

xijk = the number of students from tract i 4A

s school j from group k. a
+  School _ ) . . ~
1 xxuk-+ dl‘-r = 750
2 - . .
2 ‘X12k + d2 1000 . .
iel
3 in3k + d3 = 650 ,

These constraints force students to be assigned
to all schools with no school filled beyond its
student capacity.

I'e

Tract Wt _

L osy{, +d, 0 = '450 e ‘
"and .7 .
lxljz + di <= 225

) -
2 Xy d = 600
' ‘and *
: B . 4 .
Ixzjz +d, 0

3 EX3“ + d8 - 50 o

and




X.., +d, =

352 9 700

‘These constraints force all the~students
te be assigned to a school. -

. Ratios for schoq&:
- 4EX T =
1 0.61)(“l [ 0.4Ek112 + le 0
. < and
) o.arxill - 0.65.:)(“2 + dll =0
!
Y2 -0.67X ) F 0.45X,,, 4?3]2 =0
and
. - L]
A - -
' .Ou;XiZI 0.6IX122 + d13 0
ﬂ\: '
- 4 . = =
3 70.65K 5y + ONLEX 1) + d), 0
» and :
< - e L - = = ‘
0.«ixi3l 0.6£X132 + dls 0 ) T~
! These constraints establish the 40% to 60%
?_'ﬁx yange for each group of students. .
- t} . “
s, Distance
g b 52X . +2
% < 1.2 Xllk + 1. nlzk + 2.6‘.:)(l3k .6xx21k.
i + 4,1 + 5. + 0.
4 - A0 ¥ 55Ky F O TR v e,
£ £2.85%.. -d. " = 3800
;7 A% R 1 .

8

. This constraint forces the total distance

! based beyond 3800 miles, to be minimized. .The !

vglue of 3800 miles was obtained as #he solution

to a linear programming transportation problem

/ for the given data with the objective being to
m~{nimize tofal distance bused. Therefore for
this goal programming problem, 3800 miles repre-
sents an idea} minimum distance.

: Now according to stated prioricies the ob-

2 jective function is ’
.9 3
B Minimize 2 Pl 1-&{1 + 22 1’ld1 '+ ‘
15 _ _ -
- -
: : Py gm0t *Padie ‘

-

The solution is summarized in Table 3; it
shows, the number of students assigned from.each
tract and gro to each school.

. Table 3 L
1 2 3 Group  School
School Group . : Totals Totals
) 1 ofas0| O 450
! 2 | o] ‘o300 300 P°
1 :Jaeso]| 0] 50 500 :
2 2 Sl Cofars 00 200
TR B S
. 225
) . Totals 675 600 750 ’

FRIC . .

B Aoy e
-

As cambe seen priority 1 vas met completely
with all students assigned to a school. Priority 2
(filling all schools) was not met. There was a
deviation of 375, but that is exactly the amount of,
excess capacity for the three schools. The desire
to meet the 40% to 60% compositinr. for each group:
was met exactly in schools one and three. School
two had a 44% to 56% group composition range which
is still within the desired 40n to «J% range.y
Finally, priority &4 had a deviatton of 295 whzhh
means the total busing distance for this situation
is 4095 miles. ! .

3. Job Fécco; Compensation . .

This example is a summary of J.0. Gunderson's
doctoral dissertation (1975). It concerns the der
"velopment of a model for determining Job factor
compensation for supervisory nersonnel under .
agollective bargaining. The basic idea is to dis— -
tribute wages to supervisory personncl where the
dollar amounts desired exceed the dollar amounts -
available. The situation models collective bar-
gaining between the supervisory nersonnel and the
board of education of a school <district. The
superwisor's jobs were assumed to be composed of
twelve variables. The variables can be summarized

as follows! .
variable Definition . -
. X,. District advisory comnittee | ¢
participation
XZ - Administration of 4ifferent collec- ‘
) . tive bargaining contracts
X3 Scope of work
" .
XA Buageg;developnenc involvement
XS . Supeérvision of’multiple programs .
r X6 Supervisisg‘ofzgtﬁcr 3Gbervisory ’
staff
® e
X7 Supervision of classified staff .
; .
X8- Reépcnsibilicy gon,capicol equip-
.ment
3
X9 Direct contact wvith 'students
. %10 Supervision of staff under a fair .
dismissal law
X Highest degree oLtained by “ !
11 . »
, XIZ Years of superv‘safy experiente

b )

. Thug each supdreisor cons;sgged had Aftyelve
item "job factor profile.” This job fattor pro-
fileydetermined the amount of special compensation
an individual would reeeive beyond his basesSalary.,
Each variable was also scalegjto reflect an inter-_
nal hierarchy of importance within each fgctor,

Each individual's salary was then the Sum of his

base salarfy plus the total dpllar value of each
variable times the individugl's annropriate scale . .
factor. The total budget for all caperviSors'
special compensation was the ‘sum of the individual
special compensation salaries. T"his is an impor-
tant sum because lingits placed or this total will

afféct the Yasic alignment between each ,

¢
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indiviQual's,special compensatipns#
.

Six basic types of constfaints were formu- \\\

lated"ro reflect the relationships between the
variables. The first constradat was the total
district resources allowed for special compen-
sation. The second type were the variable”
value constraints used to force equality among
the variables unless the goal priorities affect-
ed them otherwise. The third type was the nego-
tiation constraint and itawas used to balance
the total value of variables 1-6 against vari-
ables 7-12. Fourth was the factor sum con-
straint which was used to provide overall model
factor consistency. The fifth and sixth types-of
.onstraints were used to control the scale hiarar- .
chy widths and midpoints vespectively. The fotal
number of constraintss (rows) was 23. Rows 1-13
d&lt with i{ndividual job factors and rows 14
dealt with the relations of job factors, and per-
sonnel types to each other. After {nternal scal-
Ing of wach variable there were 349 total. factor
weights. . ? - .
Six priorities (goals) were established to
reflect the overall view of how the job factor
compensation model should work. GCoal | was to
all of the resources allocated by the district
speclal compensation. The desired level was
lfm(i undtrachievement of the total resources
allocated. " Goal 2 was' to balance board initiavted
and supervisor initiated factors. Goal 3 wa® to
balance the effect of the width and midpoint scale
factors. Goal &4 was to maintain overall consis-
tency of special compensation for the supervisors
Goal 5 was to maintain ovgrall consigstency and
equality between each of the 12 variables. Goals'
2-5 wanted then to limit both over and under
achievement. Finally goal 6 was to allow the
total resources spent to ekceed the limit desired
in Goal 1. That is, the desire was to allow over-
achievement within reason. This was done to allow
the other-goals a greater chance of affeccing the °*
final solution.

use
for

¢

The initial dfsstrict resources budget for
special compensation was set a $58,395 {row 1) and
each Individual job factor (rows 2<13) was .set at
$167 ($58.395/349) for each scale level. Thé solu-
tion values of the variables then reflect the rela-
tive importance of each variable in view of the
constraints and goals used.

The results are as follows:

Variable Value (in dollars) R
X, 225.10 ~
) ’ *
X, ‘ 167.00
X 167.00 . .
Yox, - 127.00
'A‘ '
A X 167.00
X, ‘ 167.00
X, 167.00 .
Xg 205.40
. 288
..
. o, . S
: . 15

" X " 186.70 -
L X, 119.50 ) )
WXy, 205.40 ‘ : _
X,  186.20 )

These results
9, 11 and 12, were

indicate that variables 1, 4, 8,
the most important since they
exceeded the base valuepaf $167. Variables 2, 3,

5 and 6 equal the base value an? variable 10 was of
least importance in this formulation.

Four similar models, formulated by changes in
various priorities, weighting factorg and goals,
“fested as a part of the stuly. The result of
oodel testing was a conclusion that a goal pro-
gracming model was developed which did demonstrate
the capability to develop a job factor compensation
plan in a publia school' setting. The model was '
able to relate goal statements Jf a nrisritized and
weighced nature to a series of mathematical rela- \
tionsh Maod proqpce’useful output for the .
decision-méking process.

re ' . »

Conclusion ‘ '

+
. .

The adequacy of any single set, of output 1s
dependent upon environmental aad “iman comsider-
ations that are beyond the scope,of any model.
yHowever, by using a tool such ag roal programming,
. a significant aid is provided to thg decision- . ‘

making prodess and the consecuences of a given set .
of goals can be evaluated ahead of "time.

‘
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-with a smaller trophy to hang in his den for.a

HUNTING BIG GAME--WITH A BOW AND ARROW

. Dale Woods > . T
Northeast Missouri State Universicy, Kirksvtlle, Missouri
//

‘ h“

v
ABSIR:\CT

(less than 1000000) .
cable pairs--over 1000 digits.
_of the-lecture. ,

Most of you u111-reco'gnize the title of this
paper s similar to a previously published paper by
Professer D. N. Lehmer. 1 do not mean to ifply that
the big game for which I am proposing to hunt is as
large as that stalked by Professor Lehmer or that
the speaker has®qdil co or greater than his wmental
acumen in order to trap 'the elusive big game. How-
ever, the speaker hopes that he will be able to in-
spire some promisling student to go after big game
in the future. -

Obviously, ‘the speaker does not have access to
the hunting equipment currently being used by many
other matnematicians (hunters), therefore, the sub~-
title "with a bow and arrow" seems to be appro-
priate.

14 one goes on a hunting expedition, there are
several things one tust consider: *

a

1. What sort of big game should one attempt to
catch? Our environment, number. theory, abounds
with big game, wnsolved problems, hence one must
decide whether it is the "really big" animal you -
decide to try to catch or is one to be satisfied

conversdtional piece.

. 2. Is there the game available or what is the
probability that one could find an animal that has
not already been captured by a previous hunter?
There may be that the particular game you desire
to capture is as extinct as a dinosaur or that all
of this game is like the whooping crane whereby
all are known and arc protected.

3. what territory does the particular game in-
habit? Would the animals probably be in a region
you would be able to regch with your'mechod of
conveyance (mental and physical endurance). Most
anmy amateur mathematician could have performed
the factorization feat of Professor Cole but not
many of us would have given up the Sunday golf or
the Saturday night beer to devote his energies to
the division of integerd. -

290

I will show how one may take a small computer (one that doesn't even have, double pregcision),

. use matnematical ingenuity and determine whether a large number--say over 1000 digits——has a small factor
1 also will indicate how one may usp a small computer in the search for large ami-
Also, I will present Some currently unpublished amicable pairs as a part

63501

\ .

’

4. Do you have the proper equipment to cap-

ture the particular animal? An elephant could be*
a prize if one used an elephant gun or perhaps a
poisoned dart, but one wouyld be a bit bold to go
uvn an elephant hunting satari with a muzzle loag-
ing gun. . ' -

5. After the previoys questions have been
considered, one should think through the following
.question. How does one make proper use of ch\e; .
environment one finds himself? Where does one',use
the computer at his command and where does one ‘use
his mental abilities with a paper arnd pencil to
minimize the time spent and to maximize the cutput
in trophies collected? ) . . ’”‘5\

6. After a foraging expedition, does one come
home with a prize? Could your "butterfly fiet" be
empty or does one return home like the deer hunte§
with the prize atop his automobile for all the °
world to see? .

let us consid‘er the above ir Mteater detail im
the remaining timé that I have discuss one par-
ticular safari with you. Perhapg I should say bore
a captive audience with small talk.

: -

Of all the unsolved problems (uncaptured gark)
in mathematics one of the most fascinating, to me,
are the perfect numbers.“-‘ ts thete an odd perfect
number? Are there infinitely many perfect numbers?
Anyway, only twenty-four have been found (captured) [
and at that only twelve since the computer (post
bow and arrow) era. Should one attempt to locate
an odd perfect number? If one exists it must be
greater than 1036, From previous mathematical ,
experience, it is indicated that if any odd per-
fect number exists it will be a very large number
and not to be found by direct computer seagth.
Should one attecpt to find the twenty- f1fth perfect
number or attempt to prove an infinite number
exists? Surely by use of a Computer a rigorous
proof of the number of perfect numbers is not
probable and since the twenty~-fourth perfect num-
ber (219936)4 (219937 +1) contains some 12003 di
it iswvery logical to shy away from a search (sa ri)
for this cype of gawe.

&
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A generalization of a pertect number is the
amicable pair. Any perfect number being amicable
to 1tself. Are there infinitely many amicable
palrs? | Is there an amicable pair of opposite
parity? = At present, both of these questions are
still unanswered. We do know, however, that more
than 1100‘pajrs have been found and that if an
odd pair exists then the product of the pairs
must be divisible by at least twenty-one differ-
ent primes.

Professor H. L. Rolf was the first to dis-
cover, in 196,, an amicable pair using a computer.
Prior to this time, some five hundred thirty-five
pairs were known (in May 1943--390 pairs). All,
of course, were of the same parity. Four pairs
were published in 1974 and at least three published
in 1975. Since several others have locazgd (been
ablg to capture) amicable pairs very recently it
seemed to me that this was the type of game I
should attempt to capture_for a trophy. Since
there are many different varieties (classifica-

, tions) of these beasts some decision had to be -
made as to just what type would be sought. 1 de-

'ided to limit my hunt to two very simple varie-
t

ies.

All amicable numbers M, N must satisfy the re-
lationaS(M) = S(N) = M + N where, for ¢he benefit
of Donna, my secretary, $(K) is the sum of the
divisors of K. Using this rq}acion a systematic
search is easily performed on a small computer.
The first such search produoced sone new pairs but
most of all, all pairs less fhap 106 Were now lo-
cated. The systematic 'search has later been ez~
tentled 8o_chac it is believed ‘that all pairs less
than 10° have been tabulated, If we consider the
special cases, then there is.some-possibility of

. locating some new pairs.' First
Epq and N = gr. Contrary to Sowe previous writers,
I find that in studying this prd\lem it is conven-
ifent to write solutions in the form

Q.C/D "'ly C.E*(P".l)y\
D = ExPv=(P + 1)x(S(B)-E), " |’
R=(+1) » (Q+ 1 -1. \
then assign prime,values for P and ceﬁc the pri-
malitx of Q and R. Now 1f E = 2¥ ang
P 2N a4+ 1)-1 ve have @ = Mx¥+'1)-1 o
and R = 24 M(2M + 1)2-1, “For different -

. values of M and N this form has been studied for
many y%ars. Several interesting theqress re-
garding the primality of the F,Q, and R for dif-
Terent values of M apd y be proven. I have :
found several interes ing relationships that as '
yet have not been published so we,will not dis-
cuss these at this’time. . .

If M= 1 {h the abode we have the formula de-
rived by a 9th century Arabian machemsfician Kor-
srah. ‘To my knowledge he did not locate.an ami-*

+ cable pair by use of this fogmula. It,seems that
Fermat fqund the first gaf& tn 1636 from this for-
wula. The most recdnt was found by Professor
te Riele in 1974 using N = 40,and M = 11. ‘This
lacesc pair have forty digits each.

I first calculated the possible pairs for
M =1, N < 200 not because 1 woudd hoper to find
any new pairs since 1t has been well-hnown for

.
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~we restrict M = ‘

quite sometime that none existed. I did ‘carry out
the computations up to N = 400. According to my
calculations, there are no pairs in this range. 1
then calculated all values of M and N up to M = 150.
I must say that [ did get the pair for J = 40 and

M = 11 but unfortunately, Professor te Riele had
fOund this pair some three or four months before

my work was compleced. In this instance, my
“butterfly net' was empty.” I do plan ro publish

the results of this work 1n the'near future.

s

Y

My next step was to let E = ZN* S. .Only five
of this ty had been found, however, I suspected
there were more around. That is, game surely must |
be found of this type and in the range that the \
small computer could reach. The basic formula is
Q = (ExSx(P + 1)Y/((P + 1)*(S + 1 - 2 » E)=Ex5)-1.

Oone now assigns prime valwes for S and P then com-
putes Q and R. I restricted N to less than sixteen
since on a small computer (Honeywell 1640) I found
that I cannot work effectively with numbers greater
than 8300000. A program was written with these
restrictions. After using 28 seconds of computer
time, ! found only one amicable pair, the one
known to Pythagoras. Obwiously, the program needed
to be altered. The next program was writfen to
take advantage of the fact that the denominator
should be a factor of Ex(P+l). We then let
Q=((E*(P+1) / ((P+1) #(S+1-2%E) -ExS) /S)~1. 1 further
restricted S=2xE-1+2M for M = 1 to 2aN. This pro-
gram produced five amicable pairs of which two were
known. Those unpublished are

211 23039 * 811259

* 407 % 14691430399 and

n 2102783 % 1077413951
2265568819642367. - .

en forwarded to a journal for publi-
asic program has been altered so
*E-1+L for L=2 to 2iE. With this change, nine
pairs were obCained of which five had previously

beenspublished The other two unpublished numbers
are: - . ,
13 . 23030 *#292872959 .
(TR DI % 6747972998399 and -
v
Sy 66047 x 2359101 * 139491263

6080566&788&927

I'f que has the big gun (a ébmputer with inte-
ger Qouble precision ot a multiprecise arithmetic
program) one would be encouraged. to go after the
bigger game. .But without this equipment one must
4o some reflection before attempting a safari.
One could, of course, do as one mathematician did
in the past. Have his students (slaves if you .
dare) perform the tasks on a hand calculator which
has a considerable number of digit precision. =
Anyway, one with no slaves and with oaly a'bow and’
arrow must make other adjustments. , .
1¢ one does not have the multiprecise arith-
meric available one “can create one by using bases,
other than 10, After.doing this (poisoning the e
arrow) one is ready to proceed. The basic idea is
to simply use blocks of digits. For example, if
n=853476 then we use N(2)853 and N(1)=478. One
now can easily perform the four basic arithmetic

» ‘ ’

’ -
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operations wrth numbers up to say 1000 digits quite
easily. To add or subtract simply calculate
C(L)=A(L)+8(L) then normalize with base 1000. To
multaply calculate C(K)-C(K)+A(I)*B(J) where

K=I+J-1 and I, J range over the nugbers in the mul-
tiplier and multiplicand then normalize. To di-
vide 1s just a bit more difficult 1f the divisor

, 1s greater than 1000, however,if the divisor is

less tnan 1000 all 6ne needs to do }s to calculate
Q(L)=1aT(A(L)/D) then normalize. To generalize

tne divisor to numbers greater than 1000 but less
‘than 1000000 we - calculate 4-A(L)*lh3+A(L 1) so
QUL)=LaT(W/D) then foucw the fundamental division
algoritim. Witn numbers “gredter than 106 the trial
quotient gives a bit more trouble: A further com=
meut’ 1§ that we are of course limited to the size
of the computers memory for subscripting.

After calculations of the Q and R satisfying
the equatior r amicable pairs the next step is to
determine if\%se computed values are primé or
composite. We need then an efficient method of
factorization for large numbers. To locate factors
less than 1000 -ofie of course Jusc uses the division
algorithm repeatedly. I will not dwell on the fac~
torization process since this is vety well covered
in the recent work of Professors Selferage and Guy.
I should, however, remarf tnat Professor Shanks“has

developed a progess to factor twenty-digit
on a hand held calculator.  Since the Q and R for
this second problesy are quice small the method of

Snanks -is quite satisfaltory.

As previously noted our "butkterfly net” was not
empty. Further expeditions for nunting big game

- pugoably will pbe quite productive. I suggest that

you spend some Sunday afternoon (not as many Sun- -
days.as Cole) on a hunt. K In my opinion, there are
many trophies available. In fact, so many that

they do>not make'a particularly good trophy (not

many are publisired except in the NOTICES) any more..
fhe major deterrant seems to be in "the -area of
fdctorization. One, mxght say-to determine if that
which, we have capturcd is not in season.

May I suggest that future computer oriented
mathematicians continue working on more efficient
methods of factorization. When this is accomplished
I feel certain otWer big game will be brought in
as trophies for all to view. This is esgccially
true if we considcr the case wheresE = 2V In my
opinion, many more pairs may be found by con-
sidering /

S ,1‘1 g V& &

said that -the factorization of numbeYs
up to 108 will not be accomplished in this cen- }

past whefeby it was indicated that it would be

area
thes

han the mathématicians have accomplishtd in
past 20 years. One mathecmatician has dé-

ass mlng Riemann's hypothesis.
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ABSTRACT: Our district of 40,000 students is using data processing in the school media center pro-

puter is central library processing.

The major function of the com-

IBM./s FASTER generalzed software package and the district's IBM 360/40 computer. The retrieval as-
pects of the system include bibliographic data, inventory data and printtng of extra cards and labels. Se-
lected tapes are used.ta generate microfiche union catalogs for our high school collections of 80,000

items.

»

1. Introduction
Shawnee Mission (Kansas) Public Schools i3
located in the suburban portion of the Greater
Kansas City.Metropolitan area. The district en-
rollment is around 40, 000 students; kindergarten
through twelfth grade. There are 49 elementary
schobls, ten junmior high schools and‘five senidr
high schoold. The district was unified in 1969 ,
from 12 elementary school districts of various
sizes and one high school district.which also in-
cluded junidr highs. The highest enrollment, al-
most 46, 000 students, was during 1970-71 schoob
year with a steady decline of several hundred stu
dents a year since then. During the 1974-75
school year, two schools were closed and it is
anticipated over the next five years several more
may be closed. )

Each of the district's 64 schools have a
school library media center. All but 18 school
media centers have a full-time lidbrarian.
collection sizes in the elementary schools range
from 4000 to 16,000 books and 500 to 3500 multi-
media {audiovisual) items: junior highs average
12, 000 books and 2500 AV items; and the seniors.

Our data bank consists of 152,000 unique book and multimedia titles.
has reduced from $4.30 (]969-70) to $2.18 (1974-75).

3

Q

i

The «_ |

. for fhe student.

The cost of the program

towards freeing.the lib;-arians'from clerical-

type funétions and to increase the availahility of
resources for both studentg and teachers. The |
librzrian's time can then be rechanneled towards *
working more closely with students and teachers.
In add:ltion, we draw statistical information which
assists in guiding sound management procedaures.

Immediacy is a key in providing quality li-
brary services to students and teachers. They
require assistan¢e in locating library resources
when the need is felt, not two weeks later. Auto-
mated library processing provides the solution
to this problem by releasing the librarian from:, .
clerical duties so she can help the students now
and by making available data,oth resources in the
entire district, thus providing maximum service

e —

The day of the students or teachers using
only their, own school's library is quickly fading."
Aidtomated processing allows the students to gain
access to all 64 libraries in the district.

The district utilizes Data Processing in

" “many of their media functions. »The primary use
of the computer by the media centers is for the
Central ‘Library Processing {CLP) activities.
Data Processing is also used for acquisitions,,
information retrieval, magasine ordering, over-~
due notiges and business fugctions. This paper
is designed %o delineate _all ‘of 'these uses.

highs average 20, 000 books and 3500 AV items,

. The district has a Department of Library .
Senfices, which coordinates all of the libraryW .
related activities. This department has three

_full-time administrators, 1.5 full-time certified

¥ cataloger, one classified cataloger,- and 20 ¢

, © clerks. They are responsible for a district

! Ft'lm Library, Central Library Processing,

' Library Material Acquisitions, library related
federal funds, Professional Library, preview
and examination center, etc.: The Central
Library Processing Center fegeives, processes
and ships to the media centers all of the library = .
material purchased.

bl

) .

Technoica? aspects of the district's cor;puter
center and operation is giveet first to provide the
reader With a basis.to refer back to as the vari-
ous data processing uses are explained. ’

' ’ . t
Technical Aspects - Software ’

The software framewotk for the on-line cata-
loging is FASTER {Filing and.Source Data E ptry
Techniques for Easier Retxieval). This wasfirst
developed in Alameda, Calildrnia, for law en-
t:org:emeni. The designers of the school district's

',k;i

The main purpose of the policy of the
Shawnee Mission Public Schools in regard to
automated librany processing is directed
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S
program observed this system in operation at
the Kansas City (Missouri) Police Department
and felt it would satisfy their needs. FASTER
was selected as the basis for the on-line cata-
log system in January, 1970. i .

The main language for the other data pro-~
cessing activities related to the media centers
in the district is COBOL. Batch work related
to centralized library processing such as the
printing of cards and labels utilizes COBOL
also.

‘e

-
. d;‘

Hardware -

The district's computer center consists of:

IBM 360/40 ¢computer with DOS 384K

discs

2401 tape drive

2701 line control

2540 Card Reader/Card Plinch Unit

2711 Modens

3347 Data convertor

optical mark scanner

3742-dual data stations

1403 N 1 Printer (with upper-lower case

, print train)
At the Central Library Processing Center(CLP)
are four 3767 terminals.

-

~

*‘N——-N-—.—_-.‘.(x)n—-

The copnputer center system operates in
three partitions. Partition Fl houses Power
Spooling Support. FASTER is housed in parti-.

tion F2. Partition BG is used for batch jobs
(COBOL). -.

»
Files ’

There are two basic files for storing the
Cataloging data. The fxrst is the Title file con-
sxst_gg of full bibliographic data for each unique ™
title in the school distri Table 1 displays the
information in the Title file. ' Each unique Title
recard is 562 characters long.

-

TABLE | - Main Fields Input by Operators

W

-

.
1

f

snumber.,

¢ : .
TABLE 1 (continued)
Copy Volume-number 3 For vol. /other seq. *

Print instructions 16 Kept only until Y
S, Jlabels&cards print.

P
.

Durmg}r{ line operations, 8 a.m.to 5 p. m.),
Monday-I-TrLday, a modified Title file is being{ -
used. This modxfzed 'Title file consists of a .
shortened title (first 50 characters), the author's
name, physical format’ code and the unique title ]/ -
The modified file was developed so T,
that additional disc packs could be released dur-
ing the day {§r other uses. This Title file is'
stored on two disc ‘packs and has the capability
of handling 190, 00Q title records and 940, 000
copy records. When printing or retgieval func-
tions are in operatxon the full Title and Copy
files are brought up and run on six-disk packs

»

The second basic disc file record is the
Copy filé. The Copy file contains a 56 character *
record for each copy of a title, and comprises
fixed-length fields for building number, special
funding, volume information and circulation con-
trol. Copy and Title records aﬂe linked through
the Title number.
A third file is the ISAM (indexed and sequen-
tial) title index, comprised of rec,ords with a
.phonetic code key for eachgtitle reggrd. This
file is calledup by a terminal tranbictxon gon-
taining title, the incoming phonetlc code for the
title is mat'ched with any equal ones on the index.

.

in the catalogmg files each unique title is »

assigned a unique title number. This title and '
copy number consists of six.,places to the left of . .
the decimal and four places to the right. The

title number is represented by the first 6 digits. .
Example: ‘ ‘o /
Book Cat in the Hat 013469 (Title No.)
Filmstrip Cat in the Hat 002387 (Title No. ')

" As schools add this book or fxlmstrip to their
medja collection the numbers to the right of-the
decimal are assigned automatically by the com-~,
puter. Example:

Books

School .

Cat i the Hat
Cat in the Hat

Cat in the Hat
Apache’

013469. 0001
013469. 0002
013469, 0003

Apache-
Qak Park.
Pawnee

’,

. Record Field Length Comments
Title Form code 2 Distinguishes
Publication date 4 /physical format
Copyriftht date 4 .
Author 35 ’
Title " 50 May be contmued L
Annotation 105 ?in Annotation *
. Rublisher 30
Edition 3
- Price 5 .
Dewey number 8 (
Cutter number | 10 *
Grade level 4 y
e Collation 40
Series 35 '
L'anguage code 3 Use MARC lang.
LC card number 14 /abbrev. codes
Subject heading 1 24 Use Sears headings
Subtyect heading 2 46 ~ Use Sears headings
Subject heading 3 60 Use Sears headings
Added entry . 30 For name oz title
Copy Title number * 7
Number of copies 4
Building code 5
Funding code 2 If other than gen.
294,
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Cat in the Hat
Film#trip

HBrookridge Cat in the Hat *002387.0002 | )
Elint Cat in the Hat 002387.0003

B complete and wvery detailed description of
technical aspects of our on-line cataloging

the
sys-

) tem can be found in the foll0wlﬂg article:

Mlller, Ellen Wasby and B. J H/dges."Sh wnee N
Journal of
pp 13-26.

Mission's Catalogifig System",
March, l97l

ibrary °

Automation, 4:1,

013469. 0004 (2m copy)
School - . .
Trailwood Cat in the Hat 002387.0001 1
1
1
4
_j
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In addition to the cataloginrg system files -
there are separate files for the acquisition:sys-
tem, the overdue system,.the magazine ordering |.

system, and the business system. The uyfoima-
tion retrigval system utilizes the cataldging
tems data bank. : ¢

.

sys-

II1. Central Library Processing (CLP) it
History . '

The véar before unifjcation, 1968, the High
School District started an automated system for
cataloging library material. This was batch
system using an IBM/1401 computer. At the

tme of unification, 1969, only the high schook

and two other elementary school districts, of tht *
13 district, had cemtralized library processing.

With unification the new district commtted
itself to centralized library processing for the
65 schools. To facilitate the handling of the an-
ticipated mass of library material to be proces-
sed, it was also decided. to stay with an automated -
system. The-high school ‘district's batch system
presented a number of problems, which would
have.to he overcomet to establish an effective
and- efficient operation. Some of the problems
were:
a. Limitations of the 1401 batch system
to handle 100,000 items a year. .
b. Only upper case letters on Catalog tards.
c. Fixed length fields whigh resulted in ab-
breviations that could be difficult for
the elementary age children.
Migh inciflence of error, Need for more
accurate data on cards and Tabels.
e. Compilations with paper handling; color
code grid-forms for duplicate items,
massive shelf list, etc.

d-o

JAfter considerations of these problems by
the disgrict's personnel in both library and.data
processing it was decided to explore the possi-
bility of some type of on-line system. The on-
line System became a reality in mid-March 1970 . °
on a pilot basis. By August, 1970, the total pre-
cessing'was converted to the on-line system. The |
on-line system solved most of the problems that
existed in the batch system. A major break-
through was scored with the ¢apability of upper
and lower case letters on the catalog cards,” thus
making reading of these cards more natural to
' the children using these cards in the school
media centers.

The syst®m has grown from one 2740 fermi-
nal to four 3767 terminals this year., At one
time in 1971 the Central Library Processing  *
Center (CLP) was using eight 2740 terhinals.

The data-bank has gone from zero-to 150,000
titles and over 500,000 copies..Ald tibrary
material purchased in the district fqf any school
media center since August, .1970, has been pro-
~Tessed by the on-line system of the CLP.
Présent application S .
CLP receives, catalogs and processes all
library material purchased: for tlier school media
centers. The items are checked;via the termi-
nals to determine whether, we have other copies
in the district. If 1t is,a duplication, then
the data bank is up-datesf on-line tg add this
item to the bank. . :

-

. . 29S

TABLE 2 - CATALOGING DATA BANK
*Physical Format Copies Titles
BOOK * 388803 106611 ,
SOUNDFILM 19045 - 6351
DISC REC 12030 5293 ;-
TAPE " 7« ! 2035 . 1379
«CASSETTE ©. 9511 2847
SUPER 8 . 11058 3770
FILM 16 ' 1965 1682
ARANSPRNF 4612 1854 “. -
SLIDE - , 1994 831
FILMSTRIP - 38173 10514 .
k MODEL W, _ » 305 222 .
MAP 184 124
EHART , 290 - 205
FiAsH D °© . 84 304
GLOBE 25 17,
KIT 994 59{7'
GAME 770 34/
VIEWMSTR 382 231
) PRINT AP 3875 2080
PRINT SP . ; 8525 1455 °
REALIA - 34 20 Y,
SD SLIDE 708 233" .
A§D LOOP : 27 8
.~ M1 stibE 57 48
. S MM LOOP B 65 .63 -
“REPRINT 578 481
PAPER BK 15141 5167 ]
PAPER BD 1320 778
Totals TI9580 153229

”,

« If the 1tem 1s not a duplication then 1t is sent
- to professional catalogers to be cataloged. After

original cataloging; 1t is returned to the terminal

operator to input fthe item's bibliographic data in

the compute®. A complete set of catalqg cards

1s printed by bat¢h operation in the computer

center during the evening and night shifts. Also

labels* for the book pocket, check-out cards, and

book spine are printed by batch, These cards

and labdis are then sent to CLP for the final

progessing.

The entire operation takes anywhere between
five days to five weeks to complete depending
on the time of year and volume of new material
in CLP. The average amount of elapse time
between receiving the material in the center
and shipping’it out to the building is between
three and four weeks.

.

Data Bank .

The data bank developed by adding this ma-
terial to ti€™media centers is the major involve-
ment with the district's Data Processing Center.
This cataloging data bank is grdWing at the
monthly rate of approximately 1200 new titles
and 7000 copies. Table 2 displays the'data bank
size as of February, 1976.

L4

.

The steady Qrowth of this data bank can be seen
in the four-year growth-patterns of Table 3.

TABLE 3 + CATALOGING DATA BANE GROWTH PATTFRN
Phyaical March 1972 Fabruary 197¢ Added \n 4 yro.
Format__ | Copiea | Titles Coples | Titlcs Copies | Titles
Boske 153 056 |'57,500 | 405,262 | 112,550 262,207 | 55,0%%
M_ullnmtdna 47,280 | 20,413 114,327 40 673 67,047 | 20,060
TQTALS 200,335 | 78,113 519,229 | 153,229 119,254 | 75,116
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to 1, with the lar
oks 3.6 to 1 and §

gest dﬁplication
ilmstrips 3.4 to 1.

This table also shows that 77% of «the copy file

and 73% of the title file is

a wide variety of multimedia.

books to multimedia is fairly

our total media cenéf:ycollec
A5t

v

books and the others

The ratio of °
representative of
tions.

L=}

nTADLE 4 - ANA O} CATALUGING PATA DANK
Pliysial No of No ot feof afl | m ol all [ Uap rato =
Formt Copicy ! T.itles 4 Conies Titles Cps. / fitle
Booky 405,202 [ 112,55 1% 3% 3.6
Mulumodia | 118,327 | 40,63 | 234 21% 2,8
e e it - o
esLription

MNuBllnnedia N
Torn__ | Lo ., - o format
Filin-trips SRR | duans Y% 1 34 P and
fomm Filing 1,948 1,682 4% 1% 1.2
Rocordings | 23,57 9,519 | % &% 2.5 t.’;';'m'l“i’“
S Films {11,123 3,58 2% 3% 2.9 ;’(:_f::":“v‘

..... e e - e e e e —— ) e e DS DL
Prints 9,400 3,83% 2% 2% 21 Art l Sudy

We do not presently have all of the library

material on the computer. In
compared our data bank totals
tory figures. _We had 651,366

May, 1975, we
with our inven-
books in all of

our media, centers and about 56% of these, or
362,141, were in the data bank. In the area of
multimedia, the schoolswxinventoried 126,490 in
May and about 83% of these (105,000) were on
the computer., 6 In & May, 1972, comoas}son of
these same figures we had only 26% of the dis-
trict's books on the computer and about 45% of
the multimedia items in the data bank. °
A long range projection of our data bank
indicates we anticipate that the unique title-

‘count will level out at about 230,000 and the

copy file to be almost 900,000. If all factors
remain the same we are expecting to reach
this level by May, 1981. This projection is
based on several factors:
a. Four terminals inputting 85,000 ~
items a year;

b. Keeping only 4 terminals;

c. Status quo of library budgets;

d. Cost of library material increase -~
about 10% annually; )

e« Annual deletion rate for the schools

of about 3.5% of their collectiop size
(lost, damaged, discarded material).

Retrospective Cataloging

As previously pentioned, everything pur-
chased for the media centers since August,
1970, has been added to the data bank. Most
media centers were established before this’
time and gso plans had to bé made to add these
older items to the data bank. The term used -
for adding-these pre-August, 1970, items to
the data bank is called "retrospective cdtalog~

-

ing." l’ )
At least four different methods of retro~ *
spective cataloging have besn crieQ: .

a. The shelf list card for each ttem is
0 sent to CLP and this data is entefed.
b. The actual physical items ndt on the

compyter are sent to CLP.
s
- 4

©
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Cards of a selected section of the data

c.
bank are matched with the media
center's shelf 1list. The cards that
match are sent to CLP and the data
entered. A

d. A terminal is moved to a media center

and the material entered at the building
site. ) ’
0of these methods, the second one of having
the actual material sent to CLP has been the,
most successful. This allows the ferminal op-
erator to actually compare the data on the ma-
terial with the data bank information. It also
allows CLP to finish processing the items cofn-
pletely so that when it is sent baok to th school
it is ready to be put on the shelf. 'Tfe other
methods require the librarian or building devel ™
clerk to attach the labels sent from CLF after
the item has been put on computer.

*  The processing ofnew material takes pri-
ority over retros tive‘cataloging’in CLP.

Two techniques of retrospective cataloking
have been performed in the district, The first
technique was to select a single school and com-
plete retrospective cataloging on the entire
school. During the 1974-75 school year a differ-
ent approach was used. The district's Art De-
partment wanted to know all the art materfal in
all the media centers. All of this'data was not
in the data bank. The decision was'made to do

. ‘retrospectioﬂ across the district ,in the Dewey
{Decimal classification (700-769), pertaining to
Art. This was done and now we have all che art
material in all 64 schools on the computer"

This year it was decided to continue with
this approach. , We are presently involved in
entering the rest of the 700's to the data bank.
It" is anticipated that by the end of chis year, ve
will have all material book and multimedia), in
the Dewey classification 700—799 99 from all
the schools in the data. bank. Even while we are
doing this, however,”we are, 8till at work on re-
trospective cataloging in bkverel individual
schools. 5

- 4 , . .
After a school .adds its\material to’the ‘com-

*  puter, it normally receives 3 new set of catalog .
cards for this materisl. An alternate method
most often used by.buildinge when their entire ' ..
collection is added, is to requist a new, card -
.catalog. The computer has the cipability to ~
. generate a. complete cavd catalog 3lready ‘alpha-
. betized. ° . . .,

- ' N - '
Presently .in the dlstrict we bave all che
material from five high schools, three jun&or .
highs aid five efementary schools completely . '
«in the data bank. All of the schools' 700-769
Dewex‘s are in. There are three junior highs l
- and one elementary school working rapidly to~ !} i
.wards being on the computer. It is anticipated
that by May, 1981, all of the media collections ./
for all of the scficols will Have completed retro-
spective cataloging.

>+ Problens
The system In general does not seem to b




have any major drawbacks. The problems
related to it are more similar to problems of
Central Library Processing operations in
general than related to Data Processing. ' The
problems related to fixed length fields seem
to be the main programming problem. Catalog
card format bothers somé' librarians; particu-
larly the lack of the ability to distinguish be-
tween a title and /subject heading at the top of
a card. Other problems are:
a. Limitation of having only three
subject headings per entry.
. Keeping price of material on
catalog cards up-dated.
c. Keeping data bank current. Ifa °
; library deletes ah item from its
collection, CLP must be notified so
they can delete from data Lank.

d. 1If a typographicalerror gets into the
computer it can repeat itself over and’
over until it is caught.

e. ,If an item's classification number is

changed for one school, then all schools
. having’t%;t item must change their spine
labels”book pockets,check-out labels
amd catalog cards. .
§
The district has an active Cataloging Com-
mittee\%a':e up of librarians from all grade

\ 7

~—

N

¢ .

levels, P catalogers and supervisor, and a

Dept. of Library Services administratol® This
committee must approve any changes in Dewey
classification and other major decisions affect-

//ayst'er’h over the last several years hayve been

ing circumstances which prevent full utilization
of the capacity of the processing system, such
as power 'failures, computer down-time, person-
- nel problen:‘\e, telephone line problems, loss of
data due to computer problems, changing of pro-~
grams, personnel turnover,’ training time for
new personnel, duplication rate and type of ma-
terial input (media items take longer to input
than boalts), etc. So the question arises, should
the cogf analysis be based on actual oufput or on ¢
\ what thf system was designed to produce” ‘

Aﬂaal§vses of estimated cpsts that have been
computed on the Shawnee Mission Public Schools'

both on a full systemi capacity situation and actwal
output. This includes data processing and cen-

tral library processinf salaries and supplies,

and an estimate of computer costs, terminal ex-
penses, and other data processing expenses.

During the 1969-70 school year, the system was

on a batch system using keypunch to enter data:

the estimated cost of processing a library item_ .,
was $4.30. : e

Table 5 displays the cost analysis since
1969-70 and a prqjection of the current year,
1975-76. Recdords were not accurately kept for
the 1970-71 or 1973-74 school years, so nc cost
analysis is given for thesé years. This table -
shows a constant decline in processing cost until
this year.

ing cataloging and the data bank, . TABLE 5 - COST ANALYSIS PATTERNS .
N . - Ptoy.
Cost Analysis . - , 69-70 | T-72 | 72-73 | 74.75 | 75-76
- ' « “To determine the actual cost of processing f:’c:;"";';:::::d ds4.24 s2.42 1 82.56 | $2.18 ] s2.44
is very difficult. Most datx affecting this cost , ; L
* analysis can be collecteq, including cost of data . f&;}‘pc_l’,éxo-gg caeeme| $2.39 | 52341 s1.94 ] 52,20
processing and central library processing per- . | i i .
+ sonnél, terminal and line rentals; and an esti- number of items )
) mate'of the pro-rated computer cost, and this processed 1« |22+000 |98.788 $1.107 |83, 188 190,000
data can,be analyzed fairly completely. The system, in -
items ‘which are mote difficult to measure, if operition _ | Batch ‘Jon-line on-hne [on-line jon-line

o

* thd decision 18 made to even include them in a
.. cost analysis, are the building maintenance ‘
- costs_ of-the facility housing central library
prdce‘as_h’g (including water, lights, gas, cus=
tbdialhelp, and necessary repairs); the cost of

Tl .deve\!opin .the oxiginal computer program {over
< / how many fearso you pro-rate this expense;

, were ‘acc@rates récords kept in the beginning to

_show everyone'sytime involved in program de-,
% velopment, etc.): should only the cost of pro-

. cesging new items be considered or should re-
trospective cataloging be included; should minor
programming ¢hanges be-cpinputed in the cost

" analysis ard for, how many years should they be
gpread.out; the cost of equipment (typewriters,
embossing machine, etc. }; the cost of the busi-
“ness offite's fime related to central library .
processing; 4nd, sawing of ,librariana',clerks', v
and administrators’ time when the data bank

* s used td furdish necessary data.

The‘quéetiontaleo arises’ of whether to
~figure a cost analysis om the full capacity of
the system, 100, 000 items annually, or on the
actual output within a given perlod of time
(summer months, aemi-anm{all.y, annually, or
over seberal years). There may be extenuat- '

. . - . g

-

There are sevpral.factors‘which influenged
the cost increase for this year.. The major
reasons for the increase ¥re an adjustment in
the salary of the CLP supervisory position, and
a greater prozrated amount of the computer
charged to library processing.; Last year the
library -system was run during the same time
tHat a Computer Assisted Instruction.(CAI) sys-
tem for students and teachers was in dperation.
The pro-rated cost for each of these functions /
tended to balance the cost of the computer opera-
tiop during this period of the day\’ This year the
CAI activities have.been dropped {rom the dis-
trict's comtputer, so the library processihg sys- .
tem must assume a larger portion of the com-
puter cost. This year's on-line comgxute‘r ex~
pense increased by 56% over the 1974375 school
year. .

The increased cost for processing would
have been even higher if-it had not been for sev-
eral changes.' This year four 3767 terminals
are in operation as compared to five 2732 termi-
nals in 1974-75. In addition to saving on the cost
of terminal rental we were algo able to reduce

-
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.
one terminal operator's position. This person
is now being used part time in the Film lerary
Due to the high duplication rate and the size of *
the data bank we-were also about to reduce the
amount of professional cataloger's time.

Cost analyseﬁ by other districts having
ntral library processing range from $.60,to,
$14.80 per library item. A study done by the |
llbrary consultant from Bellevue, Washington,
in 1968-69 showgd that to catalog and process
one book under ideal conditions would cost most,
districts at least $2.32, as reported in an Amer -
ican Library Association bylletin.” As you prob-
ably suspect, with the very wide range in costs

(5. 060 to $14. 80), the people computing the cost

%

analysis are not talking about the same thing
when they think about '"central library proces-’
singt" This same kind of tommunication gap
exists_when commercial library processing is -

constdered to be the same as Shawnee Mission ¢

Public Schools central library processmg

il. Information Retneval .

The present retrieval system tis handled al-
most completely through batch operation in the
computer center. The data bank <ised ig the *
same as that developed from the processéd items.
Even though this is a large data base, 150, 000
unique titles and over 500,000, copies, it does not
represent the total collections of the district's
media centers. .As more schools or district-.
wide sections of the collection are added to the
data bank, the retrieval utilization will increase
Some of the value of tHe retrieval system is
represented in the following list of capabilities
and services.

a. Provides bibliographies for -specific
teaching units or selected readings.

b. Provides bibliographies for use with
qurriculum development task forces or individ-
ual teachers.

c. Provides blbliographies on new ma-
terial to the district in any specific time se-
quence. o
. d. Establishes if a district has a specific
item and its location in specific media centers.

e. Provides data that assists teachers
and librarians in selection of matenal for their
media centers,

f.. Provides bibliographies of material in
specific physical formats (cassettes, films,
games, prmts, etc.) which can be used to de-
velop interest centers, provide students with a
variety of media experiences and allow students

-access to material best tailored to their learn-

ing style.

g. Provides statistical data.

h. Reduces taper handling thzough'pro-
duction of additional catalog cards and labels,

The information from the data bank can be
retrieved by a number of ways. To date the
most common retrieval requests have been by
Dewey Classification or subject headings, or
for a single building location. Over the past
few years programs have been written as
needed for special requests .

»

\»Kh individual bibliographies the data can

P

.
L4

be retrieved in any number of combinations re-
lated to special form codes, building locations,
Dewey classifications and Subject Headings.
There.are about 35 such requests a week. These
retrieval requests are handled by completing a
preprinted grid sheet, which is keypunched. The
compyter then suppli%a the appropriate print-qQut,
ysually withir 48 hours of the requgst.

Another retrieval technique which will prob-
ably expand greatly over the next few years is
the request for single items. This is done on-
line at our processing center. Usually ance a
day they are called by a librarian to determine

if the district has a specific item and what meda
center has'it. At this tirhe this on-line retrieval
can only be done lf'a»specxfic author and titleare
known

Special requests, usually regulting in large
print-outs, are handled on an individual basis
with direct communications between the Depart-

{nt of Library Services and the Data Proces- '
g Dept. Due to the amount of compufer and
print tikne required for these requests, they are

planned for on a scheduled basis.

All of these retrieval requests are designed
to provide teachers, students, librarians, and'
administrators with data as to the availability of
resources and to save time in papef Handling.
The data processing cost for these requests for
this year is anticipated to be about-$15, 000, 00.
The following are some ‘specific examples of how
the information retrieval system has been used.

1. lnventory Data,
Each spring, immediately before mventory

time. an inventory print-out is requested for
each school. This tells the school exactly the
number of books, filmstrips, or cassettes, etc.,
they should have in each Dewey Classification,
100's, 200's, fiction, etc. On request they have
also réceived a shelf list print-out of specific
sections to be used during inventory tim;.

2. Book Catalog \
Three buildings 'have made use of book cata-

The book catalog takes the place of the’
card catalog. It is an alphabetical listing of all
the material in a amgle media center. The sr_int’-
out is arranged in three sequences; author, title
and subject heading. The advantage of the book
catalog is its mobility. A student or teacher
could take it to the classroom or have a section
of the catalog for use and not be limited to using
it only in the librdary. The disadvantage of th
book catalog isIkeepmg lt"updated
trict library, material ordermg is cont"huous,
so the media center receives new material a
weekly.

logs.

3, Building Closings '
Last year the district closed two elementary,
school buildings. To assist with thesredistribus+
tion of the library material we requested special
print-outs. The print-outs showed us which of
the buildings receiving the relocated students
had the same material as the closing schools.
We were able to identify specific items which the
.closed school had and the other media centers
didn't have. This saved us a great deal of time

o
.
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_ and we did not have to rely on the librarians ?e-
ceiving the material to try to recall Wwhich of
the materials they already had, nor the need to
bring the shelf list from their building to the
closing building. .
4, Printed Catalogs

A number of printed catalogs have been
developed,
a. lémm Film Library Catalog .
Eyery year we request a print-out by
title and sub%ect heading of all the 16 mm films,_
in our Distritt Film Library. This is sentto =
the printer to have 1500 copies made. These

A copies are then distributed in quantities to the
schools. A teacher can then take this print-out
of the films to their classroom or&ome for
planning purposes.

b. Professional Library Catalog
This i$ handled similarly to the Film
Catalog with a wide distribution. The teachers
involved in college courses can carry this cata-
log with them to determine what the district has
in the ProfMLibrary appropriate to their
classes.
c. _Art Catalog )
After the retrospective cataloging of all
the art matertal in all the media centers last

* year, an art print-out by school level was re-
quested. This print-out was printed and distriu-
ted to all art teachers and librarians in the di
trict. - This allows any elemeptary art teacher
{or junior or senior high) to know what is avail-
able from any other elementary school in art.
Next year the music and physical education teach-
ers will have this type of print-out available.

-

5. E™tra Catalog Cards

A ndXxnber of schools are requesting extra
catalog caxds. One high school building has
satellite libraries (resource cewt¥rs)in scien&,
foreign language and home economics. By re-
questing extra cards they can have a card in the
main library's card catalog case and one in the
satellite library. Two buildings receive cards
for all 16 mm films so their card catalog will
reflect the holdings in the Film Library. In the-
case of vandalism or disaster, the computer
coul{i replace an entire card catalog. »

6. Bibliographies' .

Several times a week librarians request
individual bibliographies. The debate coach
may want to know all the material in all the high
schools on a topic, or a teacher may be writing
a new ufiit on a selected topic and will need to
know all of the available material on if in their
own media centers. Every request reflecls a
different need. “

7. Union Catalog

- A union catalog -is a catalog of all the ma-

terial in a selected group of lil;?ries. The

, first union catalog in Shawnee ission was of
all the high schaol library resources; this in-
cluded material in all five of the district high
schools. It was arranged with author, title, and
subject heading indexes. The catalog is avail-
able in the libraries so that ap&inter'ested stu-

“dent) teacher, parent, or.libr¥ian could con-
sult it to determine the location in the districtof

»
.
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‘in-paper form -ranged as high as $10,000. We
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»

needed resouréas. Essentiallys this function,
from the user's viewpoint, is as if each high
school had'a card catalog of the rmaterial in all
the district high schools. It promotes greater
utilization of material, provides the students and
teachers with a one-stop source of all the mater-
ial in the district's high schools, reduces the
need for all the schools to buy exactly'the same
materials, thus reducing duplications and-im-
providg the buying power of the district, and
would promote interlibrary loaning of materials.

Preliminary cost quotes for such a catalog

were e to reduce this to less than $500 by
going to a union catalog on microfiche. This
cost was considerably below the $10,000 cost.
The fiche are made directly from prepared
computer tapes by a localacompany.

The original microfiche packet included 61
microfiche. This represents about 78, 000 unique
titles in three arrangements; author, title and
subject heading. There are 27 fiche for'the title
index, 21 for the subject heading index and 13 for
the author index. Each fiche has 260 pages plys
one index frame. This interprets to 7119 pages ’
of titles, 5392 pagés of subject headings, and
3351 pages ‘of authors. From the originals, ten
copies of each packet were made. Each high
school, the Johnson County Public Library, and

the Dept. of Library Services will have a copy.
. % .
ﬁ}:im\ ely this concept will be used in all

buildingswylt is anticipated that when all of the
library reg ces are in the data bank, such a
union catalog®will be developed to show the total

holdings of the district. -
IV. Acquisition System .
Purpose "

The principal function of the acquisitions
unit is to check, approve, and submit requests
for books, audiovisual ma_\teriai‘s, periodicals,
and library supplies to the computer or to the
business office where these requests are trans-
ferred to purchase orders and mailed td vendors.
All library resources for school libraries, for
the district professional library, and for the dis-
trict film library are stbmitted to the acquisi-
tions department. Library materials for feder-
ally funded programs, such as Title 1I, Right-to-
Read, etc., inthe eleven private and parochial
schools within the Shawnee Mission area, as
well as District #512 schools are alsc ordered
and processed. -

Requests for ordering lil;rary material may
be made by using one of three méthods--the auto-
mated acquisitions listing, the library request
card, or the regular district requisitipn--de-
pepding upon the type of material and whether or
not it is to b¢ processed. ) .

Automated Acquisgition System

The automated acquisition’systeni was devel-
oped in 1973 with the fitst print-out generated
in December, 1973, The acquisition system con-
sists of 'a data bank of over 13, 000 titles of ma-
tarial that has received favorablé reviews inpro-
fessional magazines or favorable preview by our
district's staff. .

PR
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v Every month two clerks peruse 20-25 pro-
fessional magazines and selection aids. They
complete preprinted grid forms, supplyifig speci-

fic data on each item. These grid forms are .
then keypunched by the Data Processing Dept.
and entered into the district's acquisiti'on data
bank. Three times a year the computer sup-
plies a print-out of all the matevial input dur-
-ing that time. This print-out is then senf to
the district printing deparment to duplicate
enough copies to send to all media centers.
The print-out provides the librarians with
the following data:
- a.4 Unigne item number "
B. , Physical form code {same as used
in cataloging system)
c. Author's name ¢
d Titl. ' ¢
e. Publisher K - <
f. Copyright date
£. Edition . .
* h! Suggegted grade level T
i Review Source (1. Magazine Title
code: 2. Date of isgue; 3. Page of
review) .
. J. General classification (Fiction, Non-
fiction, Poetry, Biography)
k. Number of vqlumes . '
I. Price
m. Vendotr code and catalog number
- Three separate print-outs are generated

every four months. One for the elementar
gchools, one each for junior and senior highs.
These are selected from the data bank by sug-
gested grade levels so there is some overlapp-
tnge Each'print-out is divided into two sections
one for books and one for AV items:

R The librarians complete a grid-type order
form when they want to order from the acquisi-
tion list. On,the order form, besides.some
building and funding codes, they simply record
the form code, ttem number, guantity desired,
unit cost, and total cost. This form then goes

the Data Processing Dept. for keypunch and
entering into the business files. The computer
generates purchase orders for the material and
cards showing what was ordered. The cards
are returned to the librarian for the active
order file. As material is received from CLP
the librarian can remove the cards for the
items received. The remaining cards tellwhat
is still on order but has not been received.

Cost Analysis .
The Data Processing Dept,.yearly cost

analysis for the acquisition-s¥stem is about
$6700. Two clerks maintain the input to the
fil tid one libMary administrator works part
™me on acquisition. With the 3-times a year
printing cost the total annual expenditure is
less than $20,000. Where,the system itself is
-dnly a little over two years old, it is difficult -
to determine the cost savings related to the
system. Mgst librarians are now using the '
system to a great extent, but it is anticipated
* that this utilization will continue to increase
significantly inthe next four years.

L3
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.for a special class hour.
‘2. As the student's material’became overdue, <

V. Magazine Ordering System ~
The magazine ordering system was develop-

ed two years ago. It was designed to simplify - B

orders, make them more accurate, provide data

for bidding procedures, and create a master list

of who is receiving what magazines in the distric.

The district's media centers subsqribe to more

than 600 different magazines. Most elementary

schools order 30 t3 50 titles, junior highs 50 to

150 titlés, and senior highs between 100 to 250 s

titles. A data bank of these titles and other

ordering information has been developed. . \

Once a year a print-out is generated for each
media center listing the mjagazines in alphabeticl
orgder by title of those they subscribe to. In the v
Jate winter, the librarian is instructed to delete’

//any title from this list which is not wanted for |

the next year, or change the quantity on any title.

This corrected print-agt, along with another fam

listing any new magazine(s) wanted is then sent

to the Data Processing Dept. to update the files. ‘

A compbosite list is printed from the correct-
ed data bank and sent out to various subscription
vendors for bids. Once a Jjobber has been select- '
ed, then all of the magazines the jobber can fur-
nish are so marked in the data bank. Then, when
if is time to generate purchase orders, the data
bank can print those for the jobber and individwl
ones for those going directly to a publisher. [N

A list for the individual media centers is $
sent to them in the Fall so they can check off the
magazines as they receive them. .

{
A master print-oué is produced {i'the Fall,
als‘. This ligt allows anyone to idgntify which
buildings have what magazines. .This helps the
stugents by allowing them access to'over 600 dif-
ferent titles. Once a title has been identified as
being received by one of the other media centers,
it can be handled through inter-library loan. It
also provides a librarian the opportunity to look '
at magazines or talk to librarians hav}ng specjal-
ized magazines before ordering for the media B
center.s . .
VI. Overdue Notices .

Several years ago a student in our SM South
High Sthool wrote a computer program to help
the librarians. This program was designed to
print overdue notices upon request. South hasan
enrollment of over 2000 students who actively .
use the library, so there is a great deal of paper
work related to writing overdue notices. One of
our other high schodl libraries will also be try-
ing this program this semester.

Basically the system works as follows:
1. The librarians have a complete deck of key- .
punched cards on all students in the school. On' ~
this card is the student’s name and réom location
(2nd period at South)

the regular check-out card is matched with this
keypunched card.

3. These keypunched cards, along with control
cards, are sent to the computer center as batch
work. .

4. The computer center generates a number of '




print-outs from these cards; a master alphabe-
tized list for librarians, a class roster print-
out for second hour by teacher of those students
having overdue material, etc. .
5. These lists are then used by the librarians
and teachers to retrieve the overdue material.

)
The program is designed to provide sever-
41 different types of print-outs and notices as
required. This system saves the librarians a
great deal of time and provides for more ac-
curate record keeping. -

VII. Business Functions

The district's business and fiscal control
functions are totally computerjzed. Purchase
orders, audits, ahecks,_ete?, are all automated.
Monthly the librarians receive a print-out show-
ing the budgets and expenditure records. The
business records interface with the library's
acquisition and magazine ordering systems.

VIII.Fﬁture of Data Pr3cesslng
Co;nt'mued refinepient and improvements will
be made on the exigrﬁ‘:g data processing programs.
As mentioned pre¥iously, by at least May,, 1981,
Ve all of the media centers items will be in the data
bank. This alone will create a greater demand
- * on the retrieval aspects of data processing.

Union Catalogs

Once retrospective cataloging is complete
for all media centers it is anticipated that a
master union catalog will be generated. This
will list all of the library material in the dis-
- trict and be indexed by author, title and subject
) headings. The catalog will be on microfiche.
This will allow any student, teacher, librarian,
or administrator in the district to know the aval-
* ability and location of over 200, 000 unique
library resourcés.
» Search and Girculation System
A program will be developed in the future '
to try an on-line, in-building circulatiomaxgd re-
search system at the secondary school library
level. This system will provide the library wi
a check-in, check-out system and a search sys-
tem to locate material anywhere in the district.
- These.praocedures will allow the students and
- ‘teachers to ask the librarian for a specific re- ¥
source (book, film, record, tape, etc.})or a
general area (Kansas government and history,
effects of widter pollution, etc.). The librarian
will immediately request and receive from the
computer via a terminal in their media center, ’
the location in the district's high schools of this

who has it and when it is due back in that library.
This system will also save the librarians and
clerks time by 3hec1_<ing material in and out, and

*by printing overdue notices, fine lists, and other
lists. It will also produce statistical reports,
circulatiod*records, inventory records, data
for state reports, specialized circulation data
which will assist in accountabllity and utiliza-

- tion of materials ard services, and for pur-

chasing and selection activities.

-

16 mm Film Scheduling Pr'ogram
The district's 16 mm Film Library has
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material and whether it is checked out and if So,

¢ : N
grown during the past years from 700 films to a-
bout 1800 films. The scheduling has grown from
12, 444 films booked in 1971-72 to 25,000 films.
booked during 1974-75. A disttict the size of the
Shawnee Mission Public Schools could easily ef- .
fectively use over 3000 films. »The bodking
schedule will continue to increase over the next
few years. It requires a great amount of person-
nel time to book these films and send confirma-
tion notices back to teachers. It is anticipated
that eventually a computerized program will be
developed to handle this booking, providing a
speedier, mdre accurate, and time-saving
system. b

Summary

As knowlédge and information £xpands, so
must the librarles in a school distfict. It will
not be sufficiept to have access only to the ma- .
terial within y}ir own school library. The stu-
dents and the chers must be able to "'tap' the
resources of all librartes in the district, other
libraries of all types in the immediate region,
state libraries, libraries of higher institutions,
and even data bases at the national level. Re-
trieval capabilities and interlibrary loan activi-
ties will increase significantly through inter-
library communication systems such as compu-
terized search and circulation programs, gegting 1
all library material in all libraries in the distrit
in the computer's bank through retrospective
cataloging, union catalogs of all material show-
ing location which any student or teacher can?
look at, and improved infer-library loan pro-
cedures. .

It is hoped that someday all of the library
resources in Johnson,County might be linked by X
computer. This woyld mean a student, teacher,
or patron could go to a library and ask for abook
or other material and the computer could immed- |
iatély determine if the material was available in !
any of the school libraries, Johnson Cqunty Pub-
lic Libraries, or the Johnson County Community
.College library. Ultimately this network could ,
include other agencies (such as universities,
medjcal libraries, etc.) in the state of Kansas,
in neighboring states, or even in the nation. This
type of service would make greater utilizationof
resourges, save the students, teachers, patrons .
me, and improve the buying power of the librar-
ies reducing the need for a large number.of
matertal duplications, thus giving the tixpayers
more for their money.

.o .
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TEACHING TEACHERS COMPUTING: A PRGAMATIC, APPROACH- /

>

‘ 4 - o
A\* . A. R. Kaled °* . . B '
' s , o .. )
. Miami University, Oxford, Ohio 45056 ’ "'h

' . . . L.

« RBSTRACT: A framework for teaching teachers about computing is described. An approach
is presented which examines a methodology to provide teachers with the necessary
knowledge and skills to use computers in an instructional environment.

e ' . s
Computers have begun to play a - Certain barriers or obstacles seem
greater role in education. Results from to exist which inhibits the learnind of
the last bienpial survey of programs and computing. By removing or minimizing B
“ - practices conducted among public school , these obstacles, learning computing ‘
systems in 1974 by the National Education should be facilitated.
Association (NEA) illustrates the trend™- - ,
- of computer use in education. According What theh are these obstacles or N
to this survey, comprising a sample of hinderances?wOne of the major hinder-
" 839 school sydfems, it is estimated that ances geems to be the:. ranslation of
about 20 percent of the schook systems _,/" one/s thinking abdbut a problem into
provide compuégrs for student use in symﬁols and statementg understood by the, v
2 some of their'schools. This is an computer. The student is suddenly - ’
increase of tén persent from 1972, Some required to pay close attention to ‘o
,of this increagse may well be attributed . details and €o be-rigorous in his think- ¢ .
to the advance of technology both from a ing about the steps’ that will solve a
hardware and software point of view. given problem. Associated very clos€ly
The development ,of micropfocessors, with this phenomenon*is the often
minicomputers, and the associated soft- expressed thouglit that mathematics is a |
ware.packagesg related directly to educa- . prerequisite to learning computer pro-
. tional applications has played a major gramming. A student needs to be assured
b "(,role in the .introduction of computers . tHat his present knowledge is adequate .
» _into the public school curriculum and the for learning computing., The presentation
( S public school administration. Admini- R of material can avoid many fears by
‘ strative uses of the computer such as drawing upon the experiences and knowledge
scheduling, budget reporting, and ) that students already possess. It is not
record-keeping have been widely devel- necessary to speak in detail of the inner -
oped and are very common. Thé devel- workings of computers or the binar? system
opment of computer application$, for in- . of numbers. The beginning studént need
struction has not progressed as ily. only know that he can commuhicate his .
According to some .educational observers, -.problem to the computer through the uge
the use of computékg in the public - }Pfla high-level language. It can be
school curriculim has been-gomewhat further explained to the student that
inhibt€éd by 1) the number of teachers axtranslation or interpretive process
trained to use computers in the clags- takes place to make his programming : R
room, and 2) the cost of equipment. gstatements understcod by the machine. At
With the trend toward miniturization this stage of learning, simplicity is
qf components, the cost of equipment has important. LI
been decreasing. Although still impor- . . .
tant, cost-has become in some areas less Another common fear has been the ,
, of a consideration. The major area of, . "dévice replacing teacher" syndrome.
concern is the training of teachers. . Although, probably not as prevalent today, o
As computers come to be introduced more this fear nevertheless seems tp Opérate
into the public .school aystems, teachers as a threat or barrier to learning. Much
will be expected to utilize this "new" of this attitude could be dissipated by’
technology for classroom instruction’ demonstrating how the computer can be
Presently, there appears to be an inade- utilized in the classroom as an instruc- .
quate progra? in computer education for tional tool. The computer, it can be
teachers during pre-~service training 4, explained, is one of many technologies
(1, 2). , ) that can be used in the course of
2 3 '
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instruction. Other technolagies such as . mére difficult concepts such as decision-

filmstrips. overhead projectors, video making, iterative processes, and list e
tapes, and movies are now in common use. processing. Figure 1 illustrates this
- flow of learning. ’ (
Being cognizant of student anxieties ¢ N 1
' about computing and minimizing these . As with any other course of iftstruc-
hinderances represents the first step to tion, there are certain objectives which
teaching teachers computing. Learning i computing instrhcgion should meet for
computing is somewhat similar to the teachers. The minimal objectives are 1)
learning of a foreign language: Certain ’ to identify those areas where the com-
basics such as noun and verb forms must puter can be of assistance in the learning
be mastered beforxe the more complex process, and 2) to provide teachers with
language structures can be learned. In the knowledge to select between the proper
programming, the basics include reading, and improper use of computers in the
writing, and arithmetic. 'Once these classroom. .
. elementary concepts are understood and ) . ‘
, the student has had sufficient time to Some of the emphasis in teaching
test his knowledge using these ¢on- centralizes upon the questions of what
cepts, then he may progress to the should be taught (content) and how should
LN .
: ’ prill 4
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it be taught (methodolegy). The content
of an introductory computing course
should consist of three major components:
1) a survey of computer applications, 2)
programminy fundamentals, and 3) writing
application programg. More specifically,
it would seem that the following items
should generally be included in-an intro-
ductory course: ) 3

-A survey of computing applications
to educatipn
-Sources of assistance/information
on computing )
-Computing terminology
-Fundamental programming concepts
-Exposure to the practical applications
. of computing related to instruction
-"hands on" experience ¢
This list aléhough not all inclusive
*ghould nevertheless serve as a basis for
the design of an introductory course.
The emphasis that can be 'given to any one
item will vary according to the amount of
course time available and the amount of
importance a course instructor would
place upon each item. Some of these
items might be comfortably ‘covered in
one class-session. ", .

v

After a discussion of computer
applications, it should be apparent to
the leafner what use the computer can be
in an instrictional envitronment. The °-
student should realize:

-The computer can be very useful
as a drill anhd practice resource
thus relieving a teacher from routine
tasks. . . ]

-The computer can provide clerical ° -
support for individualized instruc-
tion i.e., .computer-assisted~instruc-
tion (CAI) where a concept or skill
is taught {(tutoridl).

-The computer is an aid to test con-
struction, testscoring, test analy-
sis, and record keepinga

-The computer can be used to amplify .
and extend the curriculum. Many
more problems can be solved with the .
aid of the computer than what is
humanly possible in the classroom.

'y v

. N

Another examination ‘of Figure 1,
indicates what may be the content of the
second major component of instruction:
programming concepts. Starting with the
basics, the student is introduced to
the concepts of reading/inputing data,
writing data/information, and per-
forming computations. Instruction at
this point remains simple with explan-
ation being supplemented by many
examples. The student after completing
this frame of instruction should be
able to write ‘a program whereby dagg is . .
read, computation is rfo , and the
results printed and la eled appropriately.
This simple process is floW¢harted in..

- -
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" for example, may be
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OUTPUT .

FIGURE .2, A SIMPLE PROGRAMMING PROCEDURE

Figure 2,

COMPUTE

From the basics, instruction pro-
gresses to the next level of complexity:
decision-making. Based upon the com-
parigea of two guantities, the student
learns how to inform the computer what
course of action to pursue. The concept
of branching is explained with examples,
Discussion includes such topics as réla-
tional operators and true-false condi-
tions. After completing this portion of
instruction, the student should be able
t0 write a program to splve the following
type of problem:

p

.

A survey was condutted on the
question: jTeachers need improved
facilitiey to do a better, job.
Agree? Disagree? The agree
regponses are coded #s 1's and tk®
disagree responses are coded as 2's.
Write a program which will total
all the agree and the disagree
responses for a given set of data
and display the results appropri-
ately labeled.

The student can now write simple Pro-
grams with some amount of flexibility. -
The next step of learning will' include the
concepts of looping (iterative processes)
and the processing of lists. A dis-
cussion of iterative processes should
include loop construction, transfer of

. control (decision-making) within/outside .

a loops use of the loop index, and types
of loops. In discussing the concept of

.a list, one should include 1list char-

acteristics, the purpose of "lists, and .
the specification of lists in a program.

Here the student learns about repetitive
processes and the procedures to effi-

cently program such processes. The

student also learns how to set aside

storage area in his program and read
information into this storage area

through the use of 3 loop. Once an array

of information is establighed, the student '
learns how to manipulate this information

in many different ways. The,different
functions of lists ahd how lists can be

used for instructional applications are
explained in detail.| This information,

rted or rearranged

in some other manney or may be sedrche

for a partfcular vaifie or piece of
information. After completing £his level .
of instruction the student should be able
to wfite a program of the drill and

L) ‘.
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practice type., An example of a
_problem,and the expected results follows:

Write a program to-drill a studént
A#pn'xhe capitals of ten states you -

gelect, Use the following pro- .

cedures for giving feedback and

keeping score: .

-If the first response is correct,
give the learner two points.

-If the first response is in-
correct, '‘print ‘a message such as,
"WRONG, PLEASE TRY AGAIN".

-If the learner does not respdnd *
correctly after the second try,

. thén no points are given.

. Print a messages'such as, "THE
CAPITAL IS" followed.by the
correct response. L

o

“print a message’ indicating the

score attaihed. If. tie student
attains a score greatqdsthan 85,
then print a réwarding message such
as "YOU HAVE, DONE WELL" followed
by the learner's-name. If the
score does not meet this perfor-
mance, then print a message
- informing the learner that he

"'1rou1d review. )
A

!

sample session follows illus-
. trating how the output might
appear. _ .

WHAT IS YOUR NAME?

2C0NNIE

NAME THE CAPITAL OF THE FOLLOWING
STATES

NEW YORK?ALBANY

ARIZONA?PHOEN}X

MICHIGAN?LANSYING
, OHIO?TOLEDO .
TRY AGAIN PLEASE
OHIO?COLUMBUS '

VERMONT?MONTPELIER
IOWA?DES MOINES ~ -,

YOUR SCORE IS 92 -

\&ou HAVE DONE WELL CONNIE

DO YOU WANT TO TRY AGAIN? TYPE
YES OR NO '

N0

-

The next level of programming
includes the concepts of functions and
subprograms. The student learns what
comprises functions and subprograms,
their use, ahd how they!are specified
in a program. After a discussion of
‘functions and subpro
should be prepared to begin pro-
Jgramming instructional applications. i
Relevant programs would include :
problem-solving, CAI, or simulation
applications. The student should now

grams, the student’~ ~

ity

.

be able to design a drill and practice
‘unit or a simulatidn. If a drill and
practice unit ig programmed, the student
should meet the gollowingfcriteria:

-The program should be applicable

to the student's discipliné. -~
-The learner's name should be
requested. -

~Unanticipated responses as well
as anticipated responses should
be accounted for and the appropriaté
feedback Should be provided.
-The learner should he. provided with
a score or.percentage correct based
upoh the gerformancé., If the

‘ learner's®performance is below an
acceptable 'score, then prescribe
further work. If the learner's

. performance is acceptable, then
provide positive feedback.

, The foregoing discussion has focused
primarily upon content. From a methe-
dological point of view, this instruc-
tional approach has assumed that the
teacher wildl be working in a timesharing
or interactive computing mode. As part‘of
the learning process, this approach
expects students to begin by actually
participating in a terminal' sesdion. In ¢
the first assignment, a student should-

be confronted, with the experience of

interacting with a computexr. The student
after a formal drientation and demonstra-~
tion of terminal procedures should sit at
a‘terminal and participate in a CAI . >
session or a simulation. . Through "hands
on" experience, a student should quickly
realize the uses and the benefits of
computers. It is important that students
achieve success in interacting with.com-
puters ‘very early in the learning pro-
cels. - .
To enhance the communication of pro-,
gramming concepts, it is suggested that
the full-range of audio-visual media. be
employed wherever possible.- This would
include overhead projection, video tapes,
terminal demonstrations, and.other media.
"Poolproof” terminal exercises that '
demonstrate concepts should be regularly
assigned. Included in the classroom
discussion should be shgr oblens/

. Students should be ercouraged to workiwith

exercises demonstratérg various concepts.

others in solving .problems during class
periois. .
This course sttucturé‘and approach
has been designed to introduce teachers
to computing without the necessity of
expending a great amount of time and
effort. Acquired experience with this '
approach has demonstrated that it is
feasible, practical, and can be accom-=
plished in a mifnimum number of tlassroom
hours of instruction. \

e \
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,  COMPUTER SUPPORT FdR A= SYSTEM APPROACH TO INSTRUCTION

) PROBLEM STATEMENT AND DATA ENTRY TECHNIQUES .
; . .
by Eugene A. Collins ahd Déan C. Larsen
. ¢ ] \ » N , P | .
) . , s
. . K\ d’
« . ) ¢ .o ’
ABSTRACT. The Jefferson County Public School System with the National Science Foundation 1s conducting
a study which mplements a digital time-shared computer as support for a systems approach to instruction. -

The computer suppert includes computer generated criterion test forms. The items for the test forms dre .
randomly selected from a test-item bank. Additional computer support includes the use of a rémote doch-.
ment reader for test scoring and updating student academic records. The records are updated using test
results and teacher certification of mastery. Data from academic records is being studied to determine
1ts usefulness for formation of 1nstructional groups in a multi-unit elementary school. The design of
feedback reports to teachers 15 being studied in order to optimize the report's usefulness in instruc-
tional processes. The effects on teacher's roles caused by the compuf%; support of an existing instruc- T,

This study presently involves one elementary school” but wili support a'iotal‘of 13 schools in the futsee.

. tional system,are being observed.
. of
Many programs for 1ndivadualizing education have been developed during the last ten years. An outcome
of these experiences has been the identification of a problem which is common to all attempts to individt
ualize. The peeblem 1s one of data maragement. At any given time students ‘in a particular group may be
at many different places wn the curriculum, each student in the group having different learning needs.
Information about the learning needs of edch individual-is-usually-available. However,.techniques have

not been developed for effectively managing this information for optimiéﬁ3§‘$ge‘instruction for each
student. ‘

. - N

This paper 15 a description of a Nat1dﬁaL Science Foundation! project located in the Jéfferson County
Public Schools, Jeffersan County, Colorado. The project is designed to develop computer support for an
ex1sting 1nstructional management information system in schools attempting to individualize instruction.
The primary purpose of the project 1s to develop the data managesment techniques required tq group stu-
dents with similar learning needs. . . ’

—

The Jefferson County Public School district has defined curriculum in language arts, mathenatics, and
4 reading by stating explicit student performance objectives. Procedures for monitoring student progress 5

against these objectives have been identified. The programs have been implemented through yrade 8 In ’
mathematics, criterion test 1tems have been developed parallel to the objectives. Levels of mastery have
been established. Dependency hierarchies between objectives have been identified, and multjple learning

) activities have been designed which relate to these objectives.
Teachers are keeping records on individual student performance against the objectives. However, these
records on individual student performance are not generally used as a basis for selecting appropriate

learning activities.

not accomplished through use of past performance records.
widely used as nput into the formation of groups of students

tional strategies.

Furthermore, in most schools, the formation of student groups for instruction is
That is to say that student records <are not
for instruction or into design of instrut-
As a result, effective grouping of students for experience with appropriate learning

activities does not always occur. Students may be provided instruction in skills which they haye previ-
ously mastered or for whith they do not have the flecessary prerequisite behaviors. W -

While systematic diagnosis of student's individual needs may occur, this didgnostic iﬁfbrmation is not
. always available 1n a useable form when students are grouped for instruction. This is ‘due primarily to
the fact that 1nstructional decision makers have too much data. They do not have the procedures nor the

time necessary to process it. B ; ¢

L]

1The work reported in this paper was performed pursuant to Grant Number GY 11109 with the National - N\

science Foundation, Experifental Programs Group, Office of Experimental Projects and Programs.

opinions, f1nq¢qgs. conclusions, or recommendations expressed herein are those of the authors and do not

ect the views of N.S.F. E
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The project described here is developing,a solution to this problem. Funded by The National Science
Foundation Office of Experimental Projects and Programs, Experimentdl Program Group, the project is ti-
tled The Computer Support for a Systems Approach to Instruction. A computer system which will allow in-
structional decision makers to process records on student performance is presently being developed. The “
,outcome of the application of this syStem will be the formation of student groups for instruction.

p .
The system 1s being developed on a Hewlett-Packard 2000 series. time-shared computer. Communication and ”
remote data entry are handled over telephone lines with a General Electric Terminet 300 terminal and ' , '
Bell and Howell Mark Document‘Reader. .

3 Development 1s taking place at Normandy Elementary School. After refinement and field testing the system
will be installed 1n a total of eleven schools in the Bear Creek/Columbine Area of Jefferson County.
These schools will be added in two waves over a period of four years after the system implementation is
completed in the development schoo?. . . <

The system 15 being developed 1n a manner which will provide for the maintenance of performance infor-
mation on children in any discipline. Currently, mathematics performance records of students in the
development school are being managed on the computer. Four years of performance history are being main-
tained on,gach individual. In order to insure that these performance records are currenty two system
c0mponeqtsd{or updating them have been developed. The first component provides update by application of,
criterion réiqggnced testing for mastery. The second cObmponent allows update by teacher certification.

When teachers are 1nterested 1n testing students over any subset of objectives, in mathematics, they call
for a test using the test generation subsystem. This subsystem gemerates a recipe for the test by ran-
. domly selecting 1tems for each objective from an item bank. The item bark contains approximately 80%
multiple choice 1tems.. The recipe produced by the computer lists the items to be used on the test, the
order 1n which they are*to appear, and the cbrrect answer. Mulitple choice items are listed first fol-
lowed by 1tems requiring more.detailed studeht' responses. -This recipe is used by an aide who constructs
the test by drawing items from the item bank " \ . .
. ': | ".. . ¢ . .
The decisi0n has been made to use Only two test 1tems per objective. * The criteria for mastery is that
both items must be aAswered coxrectly. ‘ > y -~
% T SR r .
The test igzadmﬁnistered to students. They r%s ond to multiple choice items on an answer card shown in
figure 1. Students respond to non-multiple chojce items pn their test paper. These non-multiple choice N
1tems are then graded and transcribed to the angwer card gy an adult. An answer key is filled out from
the test recipe. This lkey is entered through tle mark dofument reader along with the student answer L R
carls. Grading qf the itest is done by computerl) The student's academic performance records are auto-
maticalﬁy updated by the system. A summary of test resulks is printed-out for teacher.gnalysis.

The advantages of this procedure are numerous. First of Rll, theré# is total flexibility regardjng which
objectives are tested together. Random selectjon of item} from the item bank is alsb assured. More than
one form of each test can be generated, and there is no neéed for computer storage of the answer keys.
Automated grading and record update is provided along with enough human interface to allow for non-

! multiple choice items.

! 3 b .

y A second component of the system allows for update of student records through teacher observation and
subseqdént certification of mastery. This is a necessary component of the system because many mathe-

. _ matics objectives through the second grade are not appropriately measured using paper and pencil. Stu-
dent behavior described by these objectives includes verball response and application of manipulative
devices. These behaviors must be observed and recorded by) the teacher. Furthermore, this teacher obser-
vation and certification is an appeopriate assessment of student behavior beyond second grade.

The need to update records by teacher observation and certification is being supported by the form shown 1
in figure 2.  The form is initially blank on the left side! The heading, containing student name, system
number, mathematics level, etc. is printed by the terminal. Forms for each student in a particular group .
are kept together 1n a folder. Teachers observe individual student behavior. Mastery of particular ob-
Jectives 1s then certified by marking the appropriate code on the computer readable part of the form on

¢ the right side. These forms are read periodically by the mark document reader which has the capability
of reading both 3%" and 84" width forms. Student records are updated accordingly. '1

. L] Al .
As mentioned Before, the form in figure 2:is initially blank on the left side. Alternative types of in-
dividual student profiles are being printed remotely by the terminal in this space. The project staff
and teachers are working together to determine which fo of the individual student profile are most

2 helpful to the teachers in Supporting their efforts in objerving s;qdents) 5

Now that many of the mass data.entry problems have been solved, the primary task of the project is being /
. pursued. The fask is to increase th w%seability of the data for teachers, using it to form instructional, s,

groups. The development school, as péll as many of the other project schoois,.is implementing Individ- = 2% 4

ually Guided Education. Under-this fiodel, schools are organized on a multi-unit basfs, Each unit is ,Ag,f'
up“to thre¥ pears age difference. The formation of sych multt;ggef‘
. o - ;

S
-

RIC « BT

Aruitoxt provided by Eic:




&

STUDENT NUMB

N

GRS

EE e
AR
HEBE
PEEE
BEEE
pREE
pRER
PEER

CICICIO]
tnn

1 4

Student

Number
180

ERNST, ED

Da¥s -

A

ACADEMIC LEVEL
OBJECTIVES

mHOEEIEEE

§ of Masters
in Group

Teacher
BRADFDRD

Mastery

‘

Dbjective

DECEMBER 11, 1975 »*

Level

\ HVA

@@E@@@D@@@CCC@@@@D@E@@&w@@@ﬂ@b&ﬁ?E¢BB Bﬂ@ﬁ@w%@vxﬁﬂ%
CWC@D@ECMD .
HEERBERREEE R REREBESE S ! T
C:::ESEC:CEZ:EE@EEEEZTE;@C¢T. Phalale) hMuEEEmQ&FmFu.JFME
GGDCD@@@@@TFDD@@@@@TTJTDDLEGD@.E&Q (] u_ DEEREs quFEm., L@E.O.:u_mu@mmmw_mmmbmuf i
@D@@@nE@@@@EC@@a@@@@uDD@GTEEDDD@EED@@UDD&SSLJ I;LTE@D@@D@ﬂDESZ?

) m&qmmmmmmwmmga?accna

[ETNTY .r 37 18 4y o7 12 13

@@@@@n@D@@m@E@Eu@@@@ﬁ@@@@@@ﬁ&@@@@Eﬁ@@b@ﬂ@@@@@

HEE00EADEEEEEEEEEBERBEEEE @@@@@@@@QD@@E@@@@@ HEHEENE0PEEEEEEERABRE

T T e T e P Pl P PR R C Pl el el

HERPEFNEREEREEENEDENERENEREENEERFENENEEEEERERIERE BEBEGEEEEEEEBD

EEEEEn@mm@ﬁm@mmﬁ@m@mT@@m@ EEHEEREEEEREENEEEEEDEEEEEEREEE @E@@@@@@@&
)

clalajoioialalaiciaialaicialniclalaloiaiaiolalalo| clalolocialclalalaialaisialataialalsial clsic[alSielalalalsilalclalaiclat S a]
---------------------------------

15
13
11
15
15

cOoOOOoONOW
d

Figure 2

>< > €< >< > > -

oooooowwwwww .

a1

ate

Q
IC
PAFulText provided by ERIC

’

E




ERIC.

Aruitoxt provided by Eic:

N .
units increases the heterogenewty of the unit with regard to student's previous background and experience.
This 1ncreased variety enriches the learning experience which can be brought to any instructional subgroup
formed within the unit. This heterdgeneity is important to learning,in any discipline.

Within a multi-age umt, instructional ?Dbgroups are formed in the skill disciplines on the basis of
common, student learning need. These skill disciplines are typically mathematics, reading, and language
arts. Based on their observations and previous experience with students, teachers identify-clusters of
objectives for which they think instruction is needed. Student's needs with regard to these objectives.
are assessed. IY instruction is needed, appropriate student groups are formed.

The mult1;agé umit organization along with the procedure for subgrouping on the_ basis of gkill needs has
the following advantages. Some of the heterodeneity present in the total unit s maintainéd in the in:
structional subgroups. Furthergfore, variability in student achievement in any subgroup is reduced.

This allows the opportunity for planning an optimal learning experience for each subgroup.

Student learning needs related to any cluster of objectives in mathematics are assessed in two ways,
through diagnostic test procedures and through the analysis of historical records of student performance.

When a team of teachers feels the need to regroup within their unit, the objectives for potential
instruction, .during the next instructional period, are identified. A pretest is constructed over pre-
requisite objectives using items from the test item bank. After administration of the pretest, the
results are analyzed by the teachers and the project staff. Subsequently, student subgroups are formed.
The criteria for this subgroup formation are recorded as precisely as possible.

While the teachers are providing instruction, the project staff uses the’ computer to probe the histotical
performance data in an attempt to form similar groups. The stated grouping crite%ia are used as a guide
-for developipg alternative algorithms for subgrouping. These algorithms are progr ed and® executed.

The composition of the suggested groups which result is then compared with the composjtion of groups
actually receiving instruction. In the future this procedure will be repeated regularly. The desired
outcome 1s the discovery of generalized algorithms for probing historical performance data to prduce
nstructional groups which are similar in composition to those obtained through pretesting.

Any successful application of computer technology to support instruction requires attention to the inter-
face problems which exist Between the user system and the technical system. The level of technical
Interacy on the part of educators iseof primary concern. They need enough technical literacy to under-
stand both the power and limitations of the computer and to ¢Ommunicate precisely with it. The required
level of technical literacy may be different for each educator. This depends on the edlcator's role im
the schools and the person's relation to the information system. The various roles and relations must -
be observed. The necessary level of technical literacy must be identified and provided.

The probiem of understanding and precisely modeling the users original information system is of equal
importance. Technical staff members must recognize,their role as one of modeling the users information
system rather than redesigning it to meet some external constraints. Only if a precise computer model
is produced will meaningful computer service be provided. ~

These 1nterface problems are much more severe than generally recognized. They are solved only through
well planned procedures which increase person to person communication. In order to increase person to
‘barson communication, the project has chosen the procedure of on-site development and sldw-expansion to
other schools over a period of several years. ) -
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¢ . COMPUTER BASED EDUCATION IN TEACHER EDUCATION: //
- AN INSTITUTIONAL DEVELOPMENT STRATEGY B

. RAY MUSTON

, RITA WAGSTAFF . . ) // .

+

UNIVERSITY OF IOWA . )
. COLLEGE OF EDUCATION g
, " - . TOWA CITY, TOWA 52262. 4 .
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ABSTRACT: 'A 2 year pilot scudy of interactive computing in teacher &lucation began in 1973 at the Univer-
sity of Iowa.. Included 1s a discussion of thg organization, copperaciun of universicy-unifs, goals, imple-
mentation, results, and future plans involvedrin integraﬂtng huan and hardware technology

E]

v

- - - A
. . [
INTRODUCTION [ ) °. of cdllectixe concribu;ions of creative faCulty,
' ; R ! . staff and 'Stydents ,to new applicbcions of ideas,
C. F. Hoban, in his discussion of gpe'managemeng. material ay rdware for \mprovbd learning
of educational technology, noted "...technology, in Eﬁ o -
its modern usage, involves The’ mﬁndgement of ideas, ’ __DEVELOPMENT OF INSTITUTIONAL COMMITMENT
. procedures, money machines and people 4in the in- LR T r Y 2
- gtructional process. (ioban, 1968)\ Even So, many - An analysis of . computdng applications at the
who would intvoduce computer based instruction into Universicy of fgéa coriducted inf1972 revealed that
* the curriculum focus on machines and -the.''technical only 15 percent of total computler usage was com-
language' /4nd give limited, if any, attention to mitted to imstruction. Most i?scruccional appli-
the needf and motives of those they intend to cations were designed to teach/research methodol-
¢ serve. fCongequently, meaningful efforts are often ogy with practically none targ ted “for dergrad-
o doomed v fhilure even before they are pre§enced uvate instructign. A preliminary plan was devel-
. éb to students and faculty difeccly concerned with oped to introduce incerac:iveAkompucing in under-
P ;‘ curriculum development. graduate curriculh chroughouc jthe campus. The
. ' preliminary ‘plan included recpgnition of the crig-
The purpose of chis paper is, to present, one 2\ ical necessicy for accenclqpico each of-the fol-.
college's effort to syscemacicaLLy develop a plan lowing support systems: T
to introduce computer based education ian the on- ) - J‘Lv’7“¢ v .
going curriculum. Through the planning process, 1) A system to facilitate faculty involverient
* a concerted effort was made to integrate hardware in the planning and develdpment process,
acquisition and the design of technical suppo -~ 2) A system to provide necessary technical
systems with g mqre fundamental commitment tojfac- N support, .
ulty development. Institutional development gas S 3) A system to provide egsential communication
viewed as the pi?dﬂtc of syscemacic integraci L among participating groups and activities,
. . 313 .
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and, T "’/”f,,r—-ﬂ’geaior professor with a strong computer v
4) A system of hardware and facilicies 5_to sup background - e
port emerging development andﬂ%ﬂplemenca- 3-A senio? professor with a strong background
y tion. » in learning theory and instructional design,
-~ ry < -A junior professor from secondary education v »
The, initial plan for an experimental ﬂiéject with prior experience in computer assisted Minanaet
§ was-visibly supported by the Director of the Com- i‘ instruction,
puter Center and the V{ce President for Education- -A junior prof%ssor from educarional media and
- .al Development and Reaggrch. Together, they ac- instructional development,’
knowledged the, need for collegiate faculty involve- -A junior professor from elementary education,
ment and support and announced a .ommitment to the -A graduate student in educational psychology,
aEquisgcion of an integrated system of mini-gompu- -An undergraduate~student in elementary edu- .
ters to provide hardware support. At the same . /)///// cation, and ~ N ~
s . ' time,. support staff of the Computer Center were -An assistant dean. . =
designated to assist coliegiate units in their syéi ™
tems deyelopment. (Weeg, 1971) The college committee was scrategical}y select-
* ~ ed to include staff with prior experience in the
Selected colleges were invited to parcicipg;e use of the computer, instructional dei%gn and de- ‘
in the project. If a unit elected to participate, velopments and positive approaches to''faculty de-
the Dean was asked to designate a planning commit- velopment. Also, the two largest undergraduate
© tee to work with the Office of the Vice President programs (elementary and secondary education) were
for Educational Development and Research and the p%izenced as well as the office of the dean.
Computer Center. Each collegiate planning commit- The committee was structured to facilitate comple-
tee was to have responsibility for site planning, ¢ mentary input of students, faculty, and, administra-
necessary training and development, and evaluation tive staff. .
of project development. ,
Nominations to the committee were made from a 1
The procedure for initial planning provided list of individuals who had responded positively to
several essential ingredients for effecting change a survey of interest in compuief assisted instruc- v
or development in academic organizatioms. tion. . . . M
1. The proposed project had visible support The charge of the committee included responsi- .
from the University central administra- bility for site planning, a plan for systematic 1
tﬂ!‘; s program development, and articulation of procedures, ' )
. 2. A commitment to technical staff support for project evaluation. ¥ k\\bj
. was assured. - 4 D
3. Collegiate systems receiveq a tommitment | ARTICULATION OF PROJECT OBJECTIVES 1 ) '
of support from the dean through the des-
‘ignacion of a planning committee. The college planning cormittee focused ics ini-
4, An integrated system of hardwere support tial attention to the development of projecn objec-*
was committed. ) , tives which were to serve as guidelines for project .
5. A system of communications among university development as wel] as a reference point for coor- ‘
administration, computer center support dinated direction for interested faculty and staff. ’ ‘

. staff, and collegiate units was established
’ through interlocking planning committees.
Above all, a vehicle for faculty involve-
ment in the planming and development pro-
cess was ldentified in the form of planning
committees at the collegiate level. The
' substance and direction of program devel-
opment efforts were the responsibility of
faculty planning committees,

. 2

DEVELOPING FACULTY INVOLVEMENT AND COMMITMENT

Mumerous studies have.shown that the inclusion
of those dost directly affected by plans and de-
cisions leads to better input and ultimate re-
sults. Similarly, involved professionals are also
. more committed to goals and programs they have
‘ [ helped develop. Above all, innovative ‘development

of instructional programs is most effectively and
sefficiently realized through the effort of those
yith greatest expercise - the faznlty. “Thus, re-
sponsibility for early planning effort was assigned
to representative faculty and staff committees at
the collegiate level.

-

.

Reéresentatives named to the College'of Fduca-
tion Computer Based Education Commitcee‘included:

L
L2

EAMC
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*+ The recognf{zed goal of the experimental project
was to make a significant impact on the use of com- -
puter based education in undergraduate, curricula.
The committee recognited that improved instruction-
al effectiveness and acceptance of products devel-
oped would be contingent upon deliberate examina-
tion of each step of the instrtgtional design pro-
cess., If the total development \process was to suc-
ceed, committed faculty would nepd time, technical
support and recognit¥on for insttuctional design,
sof tware development and evaluation efforts. Em-
phasis waS'g}ven to the reality that significant
contributions would result frop programs which were
developed from deliberate analysis ofsinstructional
needs rather than CAI packages constructed as ends
in themselves in search of & problem. '

The followihg general dbjectives were articu-
lated by the planning committee.

1. Stimulate Faculty Developmént: Identify a
core of committed faculty to develop spec-
ific computer based education’ programs and
provide sufficient released time for pro-
gram %lanning, development, and evalua-
tion. Those selected would become the nu-
cleus for continuing program development.

NG
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2. Maximize Student Impact: " Select and dével-
op prdjects whikh could resulr in imgedi-
ate impact on aSignificant number o

. students in the undergraduate teacher| ed-
ucation program.

3. Integration of Instructional Media: Explore
and develop the potential of computer
hased technology'as a complement to exist-

’ ing medid «and methodologies. Concurrent-
lx, the plan called for establishment of
a suppert lab to provide continuing hard-
ware, software, and technical support\to

;  faculty and students, .
4. Promote the Acceptance of Computer Based
tEducation: Through project design, .field *
testing. and evaluation, provide a sup-
port base for computer hased education
\ programs as effective learning strategies.

5, Development of Generalizable Products: )
Through all of the above, the College
committee was committed to develop pro-
grams, and products which could be-trans-
ferred and implemented at sister institu-
tions throughout the country.

6. Continuing Faculty” Development: As a part
of the total plan. it vas intended that
the total project would provide’ an fhcen-
tive and example for continuing faculty
development and utildization of computer
based‘eduqftion programs and materials:

e Thesg objectives were dntended to integrate the”-
commitment. to hardware accessibility. faculty sup-
pért and development, and broad s:udent access' L

IMPLEMENTATION PLA;%S AND STRATEGIES

Through a statenent of pi‘jgc: goals and objec—.
tives, the planning committee sought.to clarify
expectations for the project Still, plans to
identify and assure necessary space,'hardware per-
sonnel and sortware support renained to be devel-
oped. .

Physical Facilities: The committee emphasfzed
three criteria in their plan for phvsical facili~-
ties for the computer based education projecty 1)

A space* large enough to accomodate a critical mass
of terminals was essential, Efficiency of stJdent
utilization was not to be constricted by thin dis-
tribution of available hardware. 2) Space for theé
computer based” laboratory should be~in, close profs,
imity with other elegents of instructfonal resourc-
es in the Learning Resources Center. 3) Facilities
should be provided in an envirtnmental setting
which‘would be pleasing to users. .

) .

‘Space adjdcent o the existing Curriculum Lab-
oratory was reassigned for use as a-Computer Based*
Education Laboratory. An interiow designer from a
local architectural firm was‘engaged in a . plan td
renovate and furniSh ‘the reassigned space.

N \ . ) " e

’

The .laboratory was carpeted, walls 'and ceiling
treated with acoustical tile and compl{mentary col-
ors.’and furniture was selected.to complete the de-
cor. A partition was designed to give privacy to
a work space for a lab coordinator.

Facilities have provermr | to be functional and at-
tractivc. oo

: 318
[y

D748

- stratién and to wother campuses for‘estension .

- Substantfal use in¢faculty development. .

_‘tbme over -the next, three years.

\§ognized<faculty and staff support as being the most -

|

Hardware: Because the basi. support systenm had
alreaiy been selected by thé central planning com-
mittee and eight terminals €éfour CRTs and four -
TTYs) assigned to the College of Edudation, the’
primary concern of the college comnittee focused on
proper distribution and functional assignment of
available ‘terminal hardware. The committe§ expres-
sed gommitment to optimum accegsability for student
users, special support for restricted faculty de-
velopment, and flexibility. .

Six terminals were clustered in the Computer
Based Education Laboratory and hardwired to the
central system. Two terminalé were designated for
faculty development and placed in locations iso-
lated from the lab for uninterrupted faculty use
(one CRT and one Teletype). Thus, no direct super-
visjon or technical support was available with dé-
velopment terminals.’ Two of the eight ports as-
signed to the college were maintained as tele-ports
to assure hardware mobiliry and flexibility.

During the:first ‘Vear of the project, data
shawed that -the faculty development terminals were
receiving little use. It was decided to bring the
CRT ‘into the stgdent 1ab and trade the TTY for a

.

variable.speed portable Texas Instrument SiYenr 700
which could be taken into public schools for demon-

-gourses. The porbable terminal has also received:

< e
-

Within six months, it became apparenr that de-
velopers would be able:to accompllsh nore if they |
~ere not {nterrupted bY'Iaboratory activity. An
office isolated from thezstudent lab, but nearby,
was designated as a "development offige and a CRT
terdinal was moved te-provide -a quiet place for
both student and facdlgy development. . -

The 1TYs are now over two and: one-half years
old. They receivé one-third to.one-haif the'use of
CRTs. 0nly people who must have hard-copy are '
willing to wse the slower TTY¥s. ».8ecause the TIYs
have depreciated over half their expected five year
life, maintenance is beconing a problem. =Also be-
cause of their slow’speed and high noise ievel,.,
consideration is being given-to replacing the Qe
with DEC writers or some sinilar device one at a ~ >
Some hardcopy de-
vices are necessarv for developers who qeed list-
ings’and for users who want print-out. Ther€' is
presently no pla fo replace the Beehive GRTs shilch
. have provided good service while receiving more_ ‘usé
than the TTYs. '

- e,

PefSonnel-Faculnv Resgurces: The cormittee rec-

crucial.glement of their effort.to develop an on-
going computer based education program. Few faculty
had prior experience gp instructiozal applications <
of -thé-c¢omputer; software directly applicable to.
teacher edufation was not, immediately available and*

no systematic program for’ staff deVelopﬁent had been "

identified. gThus, the committee outline& steps to:
. . ety
1) Create an uwareness of the potential role of
computey based education in teachcr educa-
tion. -
Z) Provide resource support for 19cu1tv who “ax=,

pressed interest ip the'project, D -




1Y »
. 3) Provide access to available software, and : formally recommended recognition for faculty de-
4) Entourage recognition for development ef- ' velopment of software in promotion and tenure de-
forts. cisions. : ’
. ’ - 4
A survey of all faculty in the college was de- An analysis of our brief history has shown a
signed to solicit expressions of interest. Re- positive relationship between developmental events
sponses from the survey were used to identify pro- ‘and the incidence of usage. s - -
4 jects which could lead to early success and imple-
. mentation. An early effort was made to develop a Personnel-Staff Support An early commitment
- proposdl for external funding to support project was made by the College administration and the
development throughout the university. 1Internal faculty developers and student users. Resources
. resources of the college were identifted and reg were thus committed to basic support positionms.
. allocated to support selected development projedts. The goal of the computer lab staff was to prqvide
! babic development support and éenerallcontinuicy
Probably the single most effective evemt in stim- to lab users and develdpers. !
ulating C.A.I. development was the intercollegiafte . /
sponsorship of a simulation.designers workshop pfke- The initial personnel consisted of a half-time ’,//
sented in the fall, 1974. Dr. James Bobula of the graduate assistant,who had five years batch pro--
University of Illinois Medical Education Center gramming experience. General direction came from .
spent two apd one-half days assisting designers i R the Associate Dédn of the College. Later, another .
" developtiig paper and pencil simulations. Some of half-time graduate assistant programmer was added.
the paper and pencil simulations were later ex- The two students split the responsibilities into
- panded and implemented.on the computer. Some of promotion-administration and programming. The
: these modules become the core research for Ph. D. students shared responsibiiity for assisting lab
.t .disserwvations as well as other research studies. . users. ’
., ' - .
: f, .'Other major events include summer grants given A jyear and a half into thesprojegc, the status
IR by the Fniversity Computer Center and University of both graduate assistants was changed from half- \
.. ' ~Couqc11 in Teaching to professors to develop C.A.IL. time to chreejiourchs—cime. Another half-time
. AﬂaEeF}a}s_x Courses in C.A.T. languages and more graduate student was gdded temporarily for devel-
" . general Computers’in Education courses have - . opment of a gpecific project. A work study pro-
', " .- aroused interest in students which frequently re- gramming assistant was added for a summer project.
- " sults in development modules. Local newspaper and . Concurrent support was provided for graduate stu-
< Upiversity'press releases have:8evoted arficles to' dént input as content specialists in selected pro-
T computing, and its impact on education and|to in- / Jects.
B dividual fadulty projects being developed| at the
- Univérsity., |, After three years the staff was expanded to in-
- 7 i o ’ cdrporate a full-time coordinatory a half-time
T A d;y-LQng faculti, retreat was held offf-campus grpduate assistant prograrmer, a student. program-°
i whith focused on the ipaovative use of irdstruction- ming assistant, a secretarv shared with the adja-
~N al-pechnolofy. The Dean. encouraged facu ty menm- .cent Media Lab, and a student typist al§o shared
bers' to dismiss classes i8¢ the day so all faculty with the Media Lab. The coordinator reports to
and students ¥ho wished td-would be able to arrend. the Associate Dean of 'the College and serves as an
oo - kR ﬁ e ex-officio member of the Collepe Computer Advisory
Con;inuing interest-in computer gimulation has Committee. - \
led to two additional 5jmulation designers work- :
shops presentéd locally by parcié¢pan§s of earlier Throughout the project, the advice of C.AL.
vorkshops who' grogressed into more,gophisgicated . consultation at the University Computer Center has
. computer application cecﬁﬁiques. ) been invaluable. The Computer Center has also
;. - -, provided BASIC and IDF language workshops as‘well
- . 7. An information exchange with the other Regents { as other workshops related to computer usage,

i

.insfitutions led to additional interest in devel-

“lopment. A sinilar exchange »ith the Univetsity. As part of the Learning Resource Center which

i of Nebraska at Lincoln should also stimulate “de— also includes Curriculum and Media Laboratories,
- velopménc. SN and the Education-Psychology Library, the Computer
{ N - T Laboratory is able to draw on the expertise and
‘thezé has been a»g;eat deal’ of promotionial ac- - technology of these resources for multimedia mod-
tivity in order to create an awarehess of comput- ule developnment. . :
i ing and Aits, value as gpidstructionat aid. A num- ;
ber of qéérﬁ and_developers .are involved and rég- The cqnmbined efforta of wany people have gone
e ulatly utilize thé Sacilities provided. “Atten- into making the Computer lab operational.
v tion {s now being tutned to those’ users 'who are .
interested but who do.not have tﬁé time or exger- . Software The coordinacorJof the (Computer Lab
tise ta compiete projects-who are in arems which y assumed responstbility for the identification and
\ . have made little use of computing. Therk is a . preview of software packages external to the Col-
core of sophisticated-users who sssist their fac- lege vhich might prove beneficial 1nlche teacher .
e, ulty colleagues with new developdent. Id this® =~ education program. i
: way, the expertige of a fow be viewedas 4. ) ) ‘ ‘
ﬂuit} Ler ihrousﬁouc the é;i?:oe viewegas ar ) New package titles developed by students and
- P & Rk . facylty within the College dre listed below. (A
s The Computer Based Educacjon‘cOmmlccee has v complete description of projects is available upon
. R 9 \

& -
»
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DRILL AND PRACTICE

Math - Basic math review and remediation.
Media - Review questions for midterm and final
exams.
Spanish - A brief program reviewing grammar
, of the present tense im Spanish.

TUTORIAL

Systems Approach - An introduction to the systems
apprbach as*it pertains to education.

Learning Theory &+ To teach political science stu-
dents the impjications and applications of
learning theogy to, socialization.

Interaction Analysis - Teaches studeidts the cate-
gory system of Flander's analysis; applies the
knowledge usirlg audio tape conversations of stu-
dents and teachers which students learn to eval-
uate.

Behavioral Object}ves - ‘A tutorial introduction to
writing. behavi ral obtyjectives. .

Photosvnthesis - ‘A cucorSal on the photosynthetic

.

-

reaction’
Math - A series of progrdms on complex numbers.
Computer Programming % An IDF program to6 teach IDF-
users who have had no computer experience..
Photography - A tutorial which leads beginning stu-
dents through the meaning and use of depth

field. .o

tducational Administration - A turorial program
which teaches the basic\conc‘pcs, conditions,
formulas,.and types of queues.

Statistics+ A teaching module which stresses key-
‘pointsfn svatistics and allows students to
build fampiing distributions using simulated
data. .

.+ SIMULATION
!
Photography - This, program teaches students how to
process Ektachrome film using a simulated dark-
room. b
Photography - Instructs beginning photography stu-
dents in the process of making black and white
prints.
Statistics, - Computation modules in Bayesian Stat-
istics where students input data and are able

L2

to obsérve the results. \

Computers in Education - Introductory program
dealing with differerlt aspects of interactive
computing in instruction.

Math Bducation - Teaches proSpective elementary
school teaphers the basic vocabulary and nomen-
clature.

Classroom Test Development - Teaches th to compose
effective classroom tests from a pool of 1q0
items. Gives statistics from the test produced.

tlementary Science - A 4~lesson simulation on force
and motion accompanied by film loops.

Delphi Inquiry Hechod - Program on the Delphi tech-
nique with sipulacion and tutorial modes.,

Soclological Game - GHETTO, where students are prg-
sented situations encountered by ghetto-dwellers
and try to improve the ghecco conditions through
their decisioans.

Law - Two simulations which teach problem solving
in civil procedure These are being used in
/fh\firsc year civil progedure classes at”University
. t

. .

of Iowa law school.

Teacher Education -~ A set of classroom management
simulations for student teachers of elementary
grades.

Teacher Education - Series of management simula-
tions which confront science education student
teachers with classroom situations about which
they must make decisioms. \

Counseling - Simulation for counseling education
students where the student is faced with a
client and the student must’ make decisions
about the problems. .

Teacher Education - Questidhing Techniques --A
simulation in which student teachers "ask"
questions to gain skill in'achieving teaching
objectives through questioning.

Teacher Education - Elementary Math -- Elementary
math simulation -- a course to assist teachers
in diagnosing and tailoring elementary math to
meet the special needs of the students.

COMPUTER-MANAGED INSTRUCTION

" Instructional Design - 12 CMI modules which test
over readings in instructional design.

'“Eompucers in Education - Eight CMI modules which
survey computer japplication inLeducacion

Teaching of Reading - A CMI diagnOsis and pre-
scription reading program.

Counseling - Two testing modules for counseling
studgqnts.

‘Media - A\test item pool containing more than 2000
items to generate tegts covering a range of ex-
perience in educational media. For IBM 360
systen.

Y

EVALUATION “

Evaluation of the project, and products which
emerged from the development effort, focused on
four primaty concerns.

1) Have development efforts resulted in in-
creased studentyuse of computer based in-
struction?

2) How have students reacted to fhe intro-
duction of' computer—based units in their

classes? !
v 3) How can support facilities and services
be improved? - .

4) Above all, can any medsurable indicators
of improved learning effectivgness be
identified?

in the academic year prior to the arrival of

the Hewlett-Packard interactive system, (1972-1973)
344 graduate and upper division students used. the

1BM 360/65 system primarily for research in 11
glasses The first semestér that the H-P was
available, there were 582 uUndergraduate and grad-

uate students in nine courses using the H-P systag.’

There has been a continual increase 'in H-P use by~
both undergraduate and graduate students.

Student and faculty development has remained

ject. Currengly thetre are 28.major instructional ’
modules compldted and three still in development.

Table I reports the use data since the beginning

of the project.

fairly conscaaﬁ since the beginning of the H-P %ro-
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. The acritude survey polled 19 undergraduace and

-

Currently, cunditions, costs, and distrubution
of materials are concerns with developérs. The
Computer Laboratory, is cooperating with CONDUIT,
an established distributor. of computer materials.
CONDUIT 1s just beginning to handle education,and
interactive modules. 4 ._‘(

. .

It has been the policy of the lab to maintain
records_of events and/or strategius of promotion
and noteé the result in terms of aperation, devel-
opment, and student ase. For example, the lso-
lated develophent terminals intended for ‘faculty
use sat jdle much of the time. The faculty sel-
Jom Uiregtlv prograpned ot encpred their mater-
ials. btudentn.dho assisged faculty often needed
prubramminb assistance so when the develppment,
terminals were relocated nearer the lab prugram-
ming assistants. theix use increased. '

R . v,

Students were exposed to both instructiondl
programs and computing, as .an insgructional aid.
An attitudinual survey resarding several facets of
the vorputer and computer related applications was
thus administered to,a sampling of all. students.

~

graduate students in the summer’ of 1974; 1%2 in

fall, 197%; and 125 ‘in spring, 1975.

v
«

Resulth ot the largest sample (142) indicated

+ that 90 percent of the students hal never used,ai
conputer before. Nipety percent agree that the
computer was a useful tool of instruction. Al-

tHough 857 sald they.had no knowledge of program-
Aing lanyuages, JO° repqrted that they wculd 1lke’

'to take more courses Using the computer though not
necessarily to program for it. About 50% said if

a computefr were avallaple, they would use it in

their owﬁrceauhing Howeyer, 507 felf that a com-
*puter ;ourse should not be required for either 4

degree or teachdr cartification,

|
Process evaluation of plans fot supporc facil-

.

dties and servi»es %as conducted throughmit the ¢

Pgruject. Thus, develop—encal terminals were re-
located to better serve user needs and statt al-
Jocations uere adjusted a;écrding to enmergling. Je-
mand. . : B .
D
-vwluatio1 of cognicivé gains aad, iearning‘ef-

rectiveness has been a structured objective within -

all projects. One complete module reports results
of a wultizedia series which tecaches Flanders'
Interaction Analysis to-updezgraduwate sccial stud-
tes nethods students.” This Wodulk shows that of a
_possible 21 post+test responses, the experimental
compucér group (Ne14) had six pertect scores and
five scoring 21. The lowest score Was 19.- In the
control froup (N=13) matched.to the experimental
group on ACA amid cumrlatdve grade point average,
the high scdre was 20 and the low was I3, Tine
compression was also significant. The experimen--
tal group spent 2.2 hours in ipstruction, rhe
contro} group 3.3.. It also _appears that students
with low ACT and GPA generallv performed better
via {LALT.

.Similar results were obtained in a series of
four £iln loop and commucer sinuilations to teach
the r;lntionship_p force’ and mtion atcording to’
Newton's Second Law, Three groups were used. Oneg

than ={th the traditional method.- ;

. N - : . =z

lation, a second group studied the same material
using non-computerized simulation materials and a
science lab, and a third received the usual lab and’
class instruction. The tomputer group spent a min-
imum of one hour and forty minutes on the termin-
als. They did no outside work on the material.

The student.who had benefit of the lab and,simula-
tion materizni spent.six forty-minute periodston the
material plus 45 minutes for each student outside
class. The regular ~lab group spent between nine B
and eleven fiftyrminute periogs on the material
plus twenty: {o,uhir;y pinutes.on meewonk. The ray
tio of concept learning for'{he cOmputer. group com-
pared to che'regulaz'lab~gfohp uaSﬁS 3 g6, 1. €The
group which’ re&eived‘access %o tbq .stmulaetion mat-
erigls and fiim but fiot vidthe cohputer fell be-
tween both,otker grougs int a-hievempnt agd time.

spgnt. Recenpton aitpr a ‘six: mongh periqd wa& sig—
nificant for ail graipy, blt ASpecially”fof the "
computer and rcgular “lab g,rou;:. ,\_-~“- * ..‘W oo

. ,v .

Other results bava not uscd contrbi gtuug de* S
signs but .haya used, pre- pqst test, uomparfSOhS,'all

ich, show leatning was gecoﬁpiished vi:hlahe _

C A, I. modules. v, »

L] . L.
COVCLUSIOV & FUTURE PLANS: ¢

The Universit) of. Iowa Coriege of Edhtavion Com-
puter Based Education project has had &. significank “
impact on both student users and faculty d;vclop-
ers. The project was the result of a cooperative
efformyhictr fncluded the University adminiscfa- s
tion, Co ministratio
puter Center, Conpucer Lab, staff, and‘s&uden{s in .
che College. ', . pia ,,‘ e’ ;

This integration of Humad haidware technqiogy
has made possible imstructional dgyelopmenc which
otherwise would not exist. Oneé-result,f thid int.
tegration has been- to provide a’dev mode of ig= ..
s:tuccion to students in the :eacher education , Pro-.
graxs at The University of Ioua Perhaps Lhe most
exciting results have been where Leatning nas Toxe 4
effectively achieved chrough»C A.1. thah through

traditional classroon nechods. o o S
S . -

Future p]ans tnclude’ commitqgnts to: “‘f_ T

7

13 Continuing support for facuiz\ development
2) Spectal workshops to train Gecretazial and
part-time staff in IDF and user asaistance.
3) A"program of studewt orientatidn to tho lab.
and its resources is being rev!&ed .
Distributionsof produc;s chrougﬁ EONDUIT is,
being negetiated and, : .
Concinuing evaluation 5f project.rcsults.4 e

. . . Nz
. .
~ - L] ./I.
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THE TANGLED TRIANGLE:
- COOPERATION, N .
COMPUTER BASED EDUCATION AND - y "

. ’ PERSONALIZED SYSTEMS OF INSTRUCTION

-

. Kenneth L. Hogesitt *

Mathematical Sciences Department . :
, Indiana University-Purdue University .
Fort Wayne, Indiana, 46805 : .

< . .

7 :
ABSTRACT. A community of knowledgeable adults is a desirable and attainable g&al of education. The
concepts cof community, Khowledge, and adult are discussed, as well as how thay are related”to the v
worregpundlng processes of cooperation, computer based education, and personalized systems of instruc-

tloi. Looperation is suggested as a valuable aid in preventing the interparsonal isolation whigh may
. result from exclusive reliance on individualization. However, models for cooperation in a contert-

based edu.ation are sparse. . Computer science courses will be the content area® from which sgecific
examples are dyawn. . . .

.
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Introduction ’ L. ) persons is important both to onch individual and
to thesolution of many serious current problems,

| .
t
;

. A community of knowledgeable adultg is a | then such isolation 8hould not be an exclusive
. desirable and Jattainable goal of education. . mode of education. . . <
. This paper willl discuss the three concepts~of ) R .
comnunity, wledge, and adulfr; and how they : Cooperation via working on a common gosl ra-

. are related td the corresponding processes of presents a positive resource in combatting the
cooperation, dopputer-based education, and possibility of individual isolation resulting *
. personalized $ystems of ipstruction. We from CBE and PSI frameworks. Meamingful joint
.. _ will also explore methods whareby coopera- efforts provide an arena in which the person can
< _tion can aid ln bridging the isolation gulf ‘axercise her knowledge, perhaps gained in a CBE.
\ which is a setious side-effect of many com environment, with a responsible attitude, perhaps

\ . puter-based education systems and porgonalized .gained in a PSI environment. The individual's
v cystems of idstruction. Computer science . fntellect ald @aturity provide a foundation for
. courses will be gpe coptent area from . significayt individual and mutual action. Each
o\ o which,speciiicaffgyples are drqw?.. . . of these 3\sgl—eéucationa1 elehents: .ntellect,
;. . ’ maturity community, will be discussed in
*Motivation . ‘ the’ following sections as they relate to CBE,
! K PSI, and cooperation, respectively.
Historically, formal education owes a , . :
great déal to religion. .However, in recent . Computer-Based Education '
centuries, nuch of education has intention- : ) . .
ally minimized any reference to a god, spirit, Computer-based education (CBE), akso known
sout,; etc. Unfortunately, in so doing, we as computer-assisted instruction (CAI), has a
are now left with_ a state of formal education firm foothold in higher education today. 1 bae-
which is almost solely derebral (preferably liave that its greatest potentidl lies in an
left-sided) in nature. Whereas, in the past, ' incresse in the quality of cognitive education
. slavish attention was usually given to, reli- (difficult to measure) and sgcondarily in cost
glous concerns, now most educators concentrate reduction (easier to measure) [3]. However,
‘on intellectual needs of students almost exclu- money being what it is, the second benefit is .
sively. This is particularly true in higher ) receiving more attention, much of it negative. .
. education, although|the fact is certainly Stories abound of how CBE System X was suppose
evident in lower grades. Now, 'intellectual to cost N cénts/student hour, and really costs
growth is obviously[a very desirable quality, 2*N or 10*N cents/student hour. The latter
but, in my opinion, it is most certainly not figures usually incorporate research and develop-
enough. I believe/that a community of knowv « ment costs; thg former is usually one meant for
. ledgeable responsible ptrsons actively work- . production systems. The forthcoming evaluations
. ing on a mutual end represents an {nvaluable \ by Educational Testing Service for the large,
goal for education. PLATO and TICCIT CBE systams, should help miti-
[ . <. gate the altercations [10). In any case; it is

. ! Computer-based education (CBE) and per- becoming lesz an act of faith and more a fact
sonalized systems of instruction (PSI) are of education, that CBE 8yst are increasiggly
both remarkably successful tools for instruc- widespread. Future generatiohs of students will
tional delivery in content-based courses. 1 . be hard-pressed to remain uneXposed to computers
have utilized both in a variety of computer in their courses. I believe this is primarily
scidnce courses over the past several years. good because it introduces th to one of the
Each téol will be d$SCussed more fully in most remarkable inventions ever known, as well
later sect%ons. However, CBE and PSI are as permitting them to learn mahy subjects by |
both primarily designed to minister to the * doing rather than "listening, and often at their
intellect aof the student. That is appro- own pace. The increased quality of cognitive' .
priate within the university, but it is not , skills is the desired and, I believ tattainable
sufficient.’ goal. . ‘?

- - 1) .
. Both CBE and PSI are addressed to the —3In- vhae past, CBE has been congidered the
' c§ncept of individualization. Usually this domain of computer science departments, with a
means nmastery-lavel legrning for each indi- smattering of mathematics, eﬁgincering, and
vidual, often carried out in a self-pacing s business courses algo involved. I believe this
magner. This process, 1 firmly believa, attitude held, until recently, primarily because

* is a far bettér alterndtive than an entire ° CBE was equated with haying :tudents write pro-

. term of the "me talk-you listen (and learn?)" grans., However, thiihnsc of computers will pro- |
professorial syndrome. The lecture as a bably not involveia large Tmajority of students.
tool -for content’ delivery and acquisitio . This problem-solving mode is just one of several

* ° by @ll sfudents ig hardly, adeqtate to thx types of CBE.

N , task, . ,
. + CBE now includes the use of computers in
-, Fop/ all the many roal advantages of °* education for: problam-solving, drill—and-prec-
* both CBE and PSI however, thay share & cot- tice, tutorial, Simulation, games, inquiry, and
mon side-effect I believe undesirable. Thay Socratiq or tutorial [18}. +Theaa divisions are
) . both promote the likelihood of an individual not well-dafined, and saeveral workers in the
. working \in isolation. If one beliaves, as " . field have a different set of categories [4, 5].
: 1 do, th \t . community of responsible informed Navertheloss, it is becoming.clenr that computer%
s ) ! .

Q ‘ o . . Q ¢ \ .
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will impact far more individuals in the
mode, i.e., taking a lesson, than will probably
use the computer in an "author" mode, i.e. con-
structifg a lesson. The trite-analogy of "dri-

., vers of cars' versus "builders of cars' is not
‘far afleld. ,

“lt.is evident that a vardety of organi-
zat governments, universities, and in-
dustries, are convinced that the time is ripe
fu1 Introducimg an increasingly larger number
of students to computers. Funding of various
\CBE efforts by the National Scienge Foundation
{s.well known [10]. The PLATO nationwide net-

. work cosponsored by the University of Illinois
and Control Data Corporation has rgceived a
great ‘deal of publicity [1, 8). The intro-
duction of the' CLASSIC minicomputer system
of Digital Equipment Corporation into school
systems holds considerable’/promise. And the

" availability of low-cost terminals is provid-
ing pre-university school systems a realistic

. option ‘or widespread computer use.

Faced with the Honescly exciting prospebc
., of "coming of age" (the first issue of a CBE

journal will soon appear), CBE has not seriously
investigated the more sobering aspect of poten-
tialeincreased isolation of its users.
phenomenon is not ynknown. And*as UBE
to be espoused as a tool for individualization,
I believe care must be exercised lest edugation
woncentrate solely on the individual to thk '
detriment of the community.

Personalized Syscemiof Inscrujtion .

PSI, also known as the Keller Plan, is one
of the most promising approaches to content-
ducation now available. The literature
on PSI is ample and growing rapidly [6, 15, 16].
A journal will soon appear, and the national
conferences are attended by. a wide diversity
of educators intensely involved with the learn-
ing process. An informal and }nformacive news-
letter is available from the Center for PSI [14].

. Briefly, PSI\concgntrates on mastery-based
. learying, essential tqrsolf-resdecc and profes-
slongl competence. In a. previous paper, I
discyssed how the use of PSI requires the inte-
grucion of freedom and responsibility [13). An
"adult" was defined as one who takes responsi-
bility for her own actiofis, regardless of
chronological age.

For those not familiar with PSI, the fol-
lowing terse summary should suffice.. It is
excerpted from the paper referenced above.
Briefly, PSI {s characterized by five ateri-

butes: .
a) mastery-based
b) self-pacing - : .
¢) non-lecture

d) _written macorials
@) “peer turors. .- .

The argument in favor‘of PSI runs&ome- |
thing 1ik§ tiris. Students can gain in self-
respect, and justifiably go, when thay demon-
strate thay can master’ the material (a). But

<

[

P

"student”

:g;’zhe *
continues

{

. mitted verbally, how can it be done?

' split. jnto 15-2

.
2 3

since students grasp material at widely varying
rates, such mastery will occur only if the stu-

. dents are primarily reaponsible for pacing them-
selves (b). However, if they pace themselves,
there is no wav any lecturer could possible speak
to all students at their individual points of pro-
gress (c). But if the information is not trans-
Written
material provides a partial answer (d). With the .,
widely varying ratesfof progress through a course,
there is no.way one instructor could manage the
evaluation process for*chircy students working on
twenty units of material, each with its own
multi-version unit test. Hence, peer tutors be-
come invaluable (e). They each, including the
instructor, take responsibility fér about ten
students. Thag is, they go over the unit tests, /
answer questions, suggest resources, etc.

As indicated, the desired course content is
RQJunics, where each unit consists

of:
a) “an intyoduction
b) statement of* objectives
¢) suggested procedure for achieving the

. objectives

d) supplemental discussion )
e) samplg problem/ansvers
f) multi-version repeatable unit tests.

In previous papers [11, 12], I discussed the com-
ponents in more detail. Foy example, the objac-
tives are listed bv knowledge levels. And the
sugpested procedure involves any of the resources
we've discussed earlier, .8+, taking PLATO les-
sons, in dddition to readlgg the text or con- .
structing structured procedures.

At this time, I have utilized a PSI frame-
work six times, four of them in an Introduction
to Algorithmic Processes cobrse for freshmen +
through graduate students. PSI has also been *
usead 1n a dual-level Algorithmic Languages .ourse.
Results are consistens with PSI studies reporte!
elsevhere [7]): procrastination is a problem, 8
of the students prefo:ric to lecture, and the
same ones do well on final exams, retention, d¢-
gire, for another PSI course, etc. ' In regcent ‘
terms’y the peer tutors have begn utilized more
heavﬁ%i by helping to prepare clarificntions to
aunit terial and unit questions. The tlasses
are not yet sufficiently large to use. computer-
generated exgms. Also, incompletes are not given
unless the student has completed the number of
units for a B. Completion rates during the se-
cond term for incompletes given under looser
criteria were extremely low.

The maior chapge to the PSI framework is to
intyoduce coopcrat}on explicitly. I am, of | !
coﬁrse, aware chac‘the instructor and peer tutors

“cooperatp,' after a fashion, with the student to
master t%eecourse material. Yet, individualiza-
tion is one of the avowed aseers of PSI. As
mentioned earlier, this mbde is a far better
alternative to instructional-delivery than the
standard lecture| in my opinion. It offers real
hope for mitigating the debilitaring atmosphere
of competition bdsed on gradee, which are thah- N
selves oftnn baeqd on speed. The yse of PSI to
lesson euth riva ry is one of itg greatast assaets.
However, ae I hdpe to show in the next section,
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replacing a, mm;;e&itiva-bued classroon by one
devéted exclubively to the individupl is neither
necessary nor desirable.

Cooperation - °

Webster's dictionary defines cooperate
as "to act or operate jointly with another'
{19]. The idea of a common goal is also
usually associated with cooperation. Now
cormon goals are hardly a new phenomenon,
even when copmon goals such as cooperating
to beat the other team are specifically
excluded. Cooperation to end wars, poverty,
pollution, starvation and other critical
problems is publicized daily. Cooperation
withth a family unit to nurture oneself, parhaps

!

a spouse, and possibly children is a good and

4

!
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often-realized ideal. And yet where does one
find cooperation in the educationpal process--a
process devoted to discovering more of oneself,
each other, what the world is like, and how to
make a valued contributicd? Why this dearth,
when students enrolled in the same course
SQpposedlv have some, commod'goals’

Yet, looking about” the world of education,
there is little difficulty encountered in finds
ing models of competition. What does Webster's
have to say ajout, competition? Competition is
a "contest beZween rivals,” where a rivat i3
"ond of two or more striving to reach that
only ons can possess.' Sound familiar®
it doaes at the Astrodome or Orange Bowl.

hich

But

what about the normal bell—shaped‘curve exhibited

after so many hour exams, finals, and courses?
Wwhat percentage of your students know 90-100%
of the matarial you expact ©of them?, Is that
rarified level reserved.for 'only a few, say 10%
of the class? Do you "raward" only the fastest
40 master your course objectives? As indicated
in the last section, I believe one of the
greatest assets of PSI is the lessening of

such competition based on speed. , -

-

Lo .

Consequently, 4f PST does in fact redgce the
”Jiat “syndrome, what replaces the lvacuun

*jde get"
in the realm of interpersonal relationships] I
believe it is too often indifference. If epery
as "a clasgs of one,' we are

increased individualization brought on by more
widespread use of PSI and CBE..

I believe that the usual competition-based:
class, as well as the completely individualized
clasg can be replaced by the class based on a
knowledgeable (CBE), mature (PSI1) czmmunitx.bf
learners. The community arises frow coopara;
tive efforts in a broad spectrum of sharing
activities and thoughts. The following exam-
plas of such cooperation are drawn from the
introductory computer $cience coursae.

jerhaps she most major cooperative effort
derives its genesis from an exercisg in the
excellant reference, Values Clarificatfon [17].
The exercise has the students form their own
lists of "What I know about X, and. what 1

- .t

Of course

A

P

EXN
>

want to know about X." )X is computers in our case.
From the latter lists, groups of 3-4 are formed
based on a common interest. The assignment of
each group is then to résearch their common inter-
est for presentation to the rest of thae class at
the end of the term. * The presentation is not
having someone read a research paper. Rather,
they are often multi-media in nature: video
tapes, interactive computer programs, stories,
photographs, plays, music, etc. And the topics
chosen cover a very broad range: medigine,
graphics, weather, mathematics, landscaping,
traffic control, building a computer, consumer
indexes, etc. As our campus happens to be non-
residential, one class hour a week 1s devoted to
"project day" for those who wish to work in their
groups. Other students may wish to take or go
over unit tests, study, or clarify a point with
the instructor. This is a normal'mode in PSI
classes., Other cooperative efforts vary widely,
depaending upon the ingenuity of the instructor

and the students. The Values Clarification re-
ference mentioned earlier contains a wide variaty
of such exercises. The course includes a sizea-
~Ple number of films dealing with computer applica-
“tions, moral-ethical questions, and technological
concerns of oomputers. A sample list is in
Appendix A. Round-table discussion follows each
film with all.people sharing their values, if

they wish.

{ «

Other cooperative efforts dutInP class time
include taking undocumented procédures written by
other students, and working together to ana yze
what problem is being solved. Also, since’Sth- '
dents do not have a semsa of competition during

-ithe course, they offler and accept help from other |
‘students who may be & unit or so ahead at the ,
timae. Such aid could be on content questions, or
on how to obtain a listing at a ramote batclh ter-
minal by submitting a job from an interactive CRT
terminal. One of the most challenging cooperative

. efforts is for a small group to design an dinter-
active computer gaye based on cooperationy rather
than competition, e.g., Star Traek, Moonwar, Battle-
ship, etc. One of their strongest responses is
that they have not had any models for gamas which
are cooperative in nature. How many do you know??
This fact alone says ‘a great deal about the value
sygtens espoused today. The cesirability and need
for cooperative efforts rather than competitive
ones in the world and in eQucntion today. i8 very
great, in my opinion.’

.

The students are hardly alone when they'com-

they have few models for designing a game

on cooperation. I have a difficult time

ering or creating “methods to promote cooper-
ation within a course. The few mantioned previoua-
1y are nof.many, but they represent a large in-
crease over my original virtually null supply.

" The design of content-based courses to include
,cooperative intorpersonal relationships is a far-
“tile research area, in my opinion. It doaes not
appear, for exampla, in The Yellow Pages of Under-
graduate Innovations [9] which is a handy tgfer-
ence for many other oxperimentnl appraoches to
education. .

4=
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The belief Barsists, nonatheless, that Appendix A
4 cooperation within the classroom is not only .
. highly desjrable, but also possible. A re- - Ken Modesitt Fall, 1975
cent articﬁe in Psychology Today [2] dealt .
with such concepts at elementary grade lévels. Computer Séience Film Schedule
The article was written in the context surround-
* ing the forced busing for integratedglucation . Sept. 3 (wpd ) The Co_puter Revolution: Good '
. issug. References to additional solWces of - . overview of computer applications
information would be greatly appraciated. K as of late 1960's. Part of
. Cronkhite's 21st Century Series. -
‘ The introduction of PSI and CBE into the L .
. cla&sroom has done a great deal to alter the con- Sept. 1 (Wed.) Computers.at Work: Good applica-
cept-of a professor as the person standing at the ! tion Flick (cakes, toys, etc.) ,
front of the room dispensing information. . Comput-Her Baby: Graphic spoof
There are many educators who are excited about of computer dating. .
forming a rew .role for themselwas, but also o
many who are not 8o interested. The incor- Sept. 24 (Wed.) Incredible Machine: Bell Te1e1
poration of cooperdtive efforts to help build phone plug for computer music,
a community within the structure of a course graphics, motion pictures. K
will also change the role of the instructor. I ¢ ‘ . .
believe it is too early to say how. Oct. 1 (Wed.) The Right of Privacy: <Superb :
’ accohnt of ways in vhich insti- ) //
Summar - * tutiqns invade the rightblof
, tpdividuals. And how the com- , -
~ A community of knowledgeable adults is a , puter can 'help". *a,
very desitable goal for education. Computer-— , .
based education can do a great deal to improve Oct. 15 (Wed.) Computer Sketchpad: Good early, .
the quality of intellectual cgntent (knowledge) film of applications and methqés .
. ained ‘by students. Personalized systems of in- of computer graphics (CRT-based).
) /gtruction give the gtudent the opportunity to Bart Automatic Train Control: ) '
take responsibility for her actions which in- RN Shortlanimated promo
volve considerable freedom (adult). Cooperatjon -
based on common goals is a substantial aid to Oct. 22 (Wed.) The Leading Edge: Excellent in-
bu&lding a community of students. Moreover, - depth coverage of computers in
éooperation is not just'a frill. I believe . aircraft mapufacturing: model~
thit cooperative efforts are necessary to pre- . . ling, production control, man- - /
vent the increased i olation(of the student in- - > agement systems. /
volved with'the individualized instruceion ¢ The Catalyst: Univac promotional
espoused {n both CBE and PSI. Unfortunately, . film on potpourri of applicatiops
far too many of us, educators and students o -somewhat sensatiomal. 7
/ . alike have *a multitude of models for com= L0 [
! petitive efforts and a dearth of models for . Nov. S (Wed.) Discovering Electronic Music:
.o cooperative efforts. T sincerely hope this . . cfEIt film for music lovers. p
effart will prompt more interest and work , Shows how synthesizerg are‘con- ]
\ in the design of contenk-based cburses which e structed and how computers aid
include cooperation as an essential component.. . \ composers. Far out spundg: - .
R . . . ’ < . -
‘- . e . . Nov. 12 (wed ) Thinking??Machines. Good* Bell b
“y . \Q) Telephone Flick on different
) ) - e types of "thinking" and how well
\ - - .
. v, . * ) | _ computers do with each type. \
.o . . " Robots Get Smarter: Late 60'g
. ) ' * ‘account of artificial intelli-
‘ . - . gence work on hand-eye and mo-
. - . ; bile robots. Y
. i . Nov. 26 “(Wad.) Spires/Ballots: Review of
. ' . . work in information (document)
L ) @ retrieval in a copputer-based : .
\ ' system .n Stanfbrd’ . L L
. R N k -
’ . \ Dec. 3 \(Wed.) Matter{of Survival “Scare film v
v ;ti ' of :How one man is affected by
R . his' company Becoming automated. -, 0.

1

. Dec. 10 '(Wed )y CAI 1ntNew York: The use of pro-

. , N , . totype computer-asmisted dnstruc-
-t . tion (CAI) in a New York City
, bi . " elementary school. Quite & con- \
Ve : _ trast/ to standard modes as well .
\ e i oW as to PLATO efforts.
. - . ‘ A S22y i
13
. . e ‘ y ) .
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ABSTRACT: The impact of the computer revolution has been upon_us for several decades and will

continue to affect our lives for generations to come. Minmaturization of electrénic components has been
responsible for the devloprrent of the minicalculator, The economics of our couphtry has ‘made this a

.

responsitility of the educator,

product available to the consumer at a very reasonable price, Thus the minicalculator has become a
It 1s necessary that we learn to cope with the calculator and create ways

to use this highly motivattional device as an mstr*uctlonal tool in the classroom, Documentation of the

success of students in mathematical achievement was made possible under grant awards fpom Title 111,
ESEA, from 1971-1974, fqr the "Mobile Computer Mathematics L-aboratory”

. The project developed for~

grades 5~12 n five schools of Area Kk, LAUSD, has now expanded to 40 schools, grades K-12. Students
~ise a vartety of calculators, from desk-top pr*ogr*argmables to the hand-held minicalculator to learn the
concepts of mathematics and to improve basic computational skills and understanding of numbers, One

vital component of a calculator program is the traiming 6f teachers 1n proper techniques for using mim~
calculators 1n the mathematics class. Administrators,

teachers parents and students are involved in

settmg local policy regarding the utilization of calculators 1n math classes, within the'.fr*amework of the

matherMtics program. Thus,

1

T here 1s no doubt that the computer will continue
to affect society and the world in which we live.
of electronic components , the si1ze of computing
equipment has become, so relatively small that’
calculators with a great deal of mathematical
skill fit in the palm of your hand.
ol ! :
Industry has developdd a prodult that 1s available
to the general public. I refer, of course, to the
minicalculator, Due to the economic situatiom in
our country, the calculator has become a "thing"
of interest, excitement, and pteasure to individ-
uals of all ages in all walks of life. When a calcu~
lator iggused correctly. a problem 1s solved accu-
rately, in a minimum amount of time, Thus the
dr*”udger*y of labortous calculations does not stand
tn the way of understandtng, and learning develops
_ The emational feehr\gs one derives from "success"
" cannot b written down - for there are varyting

Q
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Due to technological advances and miniaturization .
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thr*ough creative teaching strategies, and students' proper use of the
" calculator ¢ - - the calculgtor* is, indeed, a Poon to education !

degrees of reactions,
A .

Thus, it 1s the responsibility of educators to offer
"success" to thew students 1n a maximum number
of learning situations in a given time period. A
student's '"curriculum" refers to eyer*ythmg that
affects his daily life, Whether one names a
subject area "science", "home economics" ;
"driver education" f'music”, "art", or whatever;
when numbers, size and shape, measUrement,
relationships, and logical analysis of a problem
require an accurate numertcal solution, it is the
arithmetic of mathematical procedures that does
determine whethet this answer has been calcula- .
ted correctly,

[ 4

The minicalculator has been built to do this.
Correct answers "pop out”" on a display screen,
Fantastic!? Not really! This 1s true only if an
individual enters the correct numbers, in a correct
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' procedure, within the capabilities gnd.capac'lty
. of‘the particular calculator,

.t .

Now a variety of problems and.ccincer‘ns face
administrators, teachers, parents and stud-
ents. The calculator - a boon to education -
must not be misused; for abuse of the calcu--
lator 1s more detrimental to 'educatton than not
using it at‘all, The power of this tool must be
contained within the framework of a meaningful
instructional program, that w1l§\contmue to \
offer students the opportunity to improve thewr
basic comrfputational skills while'learming and
understanding tpe concepts of mathematics.

.

Thus 1t 1s the requnsu:mty of the educator to .
expose students $o the various types of calcu-
lators 1n meaningful ways. One must devise ,
create, cope with, or develop situations of the
world in which we live, to which the calculator

can be adapsfij/.".

The calculator 1s a.highly motivational device
Everyone wants to at least touch one. Thds the
educator must channel this enthusiasm toward .
learmng experiences. Then the calculatOr will -
take its place in the classroom, along with paper
and pencil, chalkboard, books, and multi-rmedia
materials and equipment, to fulfill its role as
an instructional aid and learning tool. .’
. - &
Similar to the developmental processes required
for a baby to proceed from cr\awhr,?g to walking
and running, are the levels of abt}'tttps of students
to work with and use calculators; as they pro-
gress up the ladder of learnmg/and understanding.
Although a calculdtor will compute an answer ,
1t wilt be the decision of the student whether to
accept this value or not, # a reasonable answen
to the problem. Thus students develop a "number
awareness" through the ability to estimate answers
andiconsequently accept or reject the.figure that
« appears on the display.

———

)

‘Stutlents become interested and involved 1n their
mathematical studies. Enthusiasm 1 gener\ated1
to explore, think, deduce, predict, Sr\d‘solve .
problems - for the fear of mathematics and the
failure previously felt because one does not know
the entire "miltiplication table" ,(as one of many
~illustrations), no longer stands 1n the way of

i understanding.+ The calculator, fills the gap be- .
tween understanding what to do to solve a problem,
and the actual computation of the numerical answer. .
. ) -
The creatlve, astute educator will find that the
- calculator may be used.as an aid \n improving _
- perceptual skills-of the.psycho-motor . domain; and
\ behavioral attitudes of the affective domain; all
this simultaneously during the period of mathe-
matical growth, With reference tp perceptual
skills, educators aree that some mathematic
errors might appear pecause a youngster\\has
. .
. . ‘ 327
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vision problent, or reverses numbers, or has
poor handwriting, or poormotor development,
or many other types of problems that have
nothing to d;{wmh the rules of arithmetic.
Through a variety of activities on the mini-
calculator, many perceptual problems can be

! corrected - gnd mathematical skills eventually
improved.,

Educators also agree that learming 1s dtfﬁcult ..
when poor behavioral patterns and attitudes exist
within the educational environment. Since we'
find that students are anxious to use calculators'
for'the study of mathematics, what simpler way

is there to develop self-discipline within a child
tham to take a calculator away and deprive him

or her' of using one until one can show self-control’
and respect for property? Once again the calcu-
lator has come to the aid of the educator 1) the
growth and development of the child, Now the
students wants to learn, and so he will - - and
mathematical skills are again eventually impro-
ved.

-
4
Y

v

‘not take thts statement 1ghtly ! it is not inten-
1c" of the calculator‘
always works wondefgs, dr even very quickly 3’
but rather that 1t possibly can do something where
other efforts have failed.

-
.

.
-
’

This year, we are finding that our work with
kindergarten youngs\ter‘s \s correcting recognition
difficulties. Children had been readmg the num-
eral "2" as a"5", or vice-versa; and even read
the number "5" as the letter "$", "are con- .
vmced that theg earlier these types of errors are
corrected or-at least made "cognitive", then
they can be corrected and no longer cause the /
child td expemence Fallur‘e n school

Many of our students find that they can compute
dertain problems faster than the calculator. The
challenge then becomes one of usmg larger num-
bers, or problems of higher difficulty. Students
_ begin to understand the "how" and "why" of
mathematical computation through reasoning ,
ratHet than by rote memorization of a techrique
\told to theni by a teacher.

The low and underachieving student’s/ar'e encou-

raged to study arithmetic becguse they are,now

sUécessful and understand the underlying concepts.”

The gifted students are challenged'to higher

levels of analysis 1n their understandmg of
athematics.

t

An under lying ingredient for the acceptance of
the minicalculator by society is the fact that it
is 'simple.to operate, Anyone can push the keys
and have number\s' appear on the display.
Now the‘c’oﬁt’i*tfver\sy is heard ! "Children are
cheating when they use a.calculator,” . . . .

’ ‘

“»
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"It's a great gimmack.'" . . ."The calculator 15+
sQ cheap now we can buy a class set." Wy
should the schools buy calculators 1f everyone
1s buying his/her own?" | . ."When you learn the
basic Faéts, then you may use the catculator 1n
school.". , ."If my child uses a calculator now,,
he won't be able to balance his checkbook.",
"Do’you kllow the use of calculatorg during a
test>", . ."Don't you ever bring a calculator into
my classroom!", . ,"Show me what this gadget
ca®s do, and then maybe fsll use it in my class.,"”,
J'What security measures «can we take to prevent
theft and vandalism?". . ." Igthis calculator 7
elecygcally safe for the children X", . .etc.etg. v

These are but some of the concerns to sociwety. /
Educators afyoss the.nation are atteripting to
deal with the "populam%z" of the calculator.

Its wnpact and existence cannot be 1gnored.
There 15 no doubt that the calculator has a role
to perforr within an educational program. The
calculator 1n itself 1s not a panacea. Staff
development 15 an important component of a

calculator program, -

A

. A teacher should feel " fortable" 1n how to
use a calculatgp to acrm deF{mte goals and
objectives,. . For no matter Row " cheap "
calculatorfis s it 18 too expensiye to be used
solely as @check to see If calcllating was done
correctly by paper and pencil. An answer
sheet serves this purpaese very well, ‘

L}
Our program, " The Mobile Computer Math Lab™,
funded from 1971-1974 under Title IlI, started in
five schools 1h the, San Fernando Valley (grades

5-12)! There were’'twenty classes nvolvéd 1n t
the program,

Test scores over a three-year period, 1969-1971,

\ndicated a need for concentrated mathematical

wnstruction. In two of the five schools targeted, '

to receiwve services under the project, test scores

were << and 21 percentile points lower for 6th and
© 12th grades, respectively, than the average of all
s‘chgols 1N the district.

A van was purchased and converted into a mobile
. mathematics center. Equipment and educational
materals were rotated amongst the schools as
the progect director traveled to each school. A
variety of calculators included desk-top program-
mableé, memory-type calculators, and those that
used eather paper-tape or hdd a nxi-display screen.
An x=-y*plotter was algo used with the programmable
calculato quipment was limitted, so a variety
of hilmstrips , stides , cassettes, math kitg and
games were also used to supplerment and enrch
the mathematics programs at the project sdwpols

Jtaff development and community involvement were
omponents vital to the success of the project. Once
the teachers_and students learned thg real value of
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" proper use of the calculators 1n the teac’hmg and

learmng of mathematics, their enthusiasm for this
type of learnming situation soared.

The final report 1n June 1974 contains the folow-
ng m@rmahon on effectweness-

" &1.6 % of all students who took both the
pre- and post-test were enrolled 1n ,
grades in,which statistically significant
progress was made, (1n terms of pre-
post " 2" scords of the applicable ‘norm
group) ; 11,9 % of students were on .
grade levels 1n which no statistically
dgmficant progress was made; and .
6.5 % of students were 1n a grade level
in which progress was significantly
negative."

(X 4
in addition, this final report includes some very
important, though unanticipated findings, These

-

-

Vre: .

(@) Student attendance \mproved.

(b) Parent nterest \ncreased.

(c) Teachers at the project schools used
techniques they learned \n demon-’
strations with students who were not
officrally included 1n the program
and/or evaluation design.

(d) Teachers 1n the project schools who |
were not wncluded n the demonstra-
tions took the time to learn our

. technmques and used them with theiwr
students.

(e) Teachers 1n schools, not included n'
the project, but who had similar types
of equipment, picked Ub the techmaques’
used \n this pragram.

(fH Articulation heightened amongst teach-
ers of. Marious grade levels from the
elementary and §econdary schools, "

- 4

With the decrease 1n the cost of the minicalculater,
many schools began to purchase their own types
of e'qulpment. Requests for proper techniques
for using calculators to teach the coniepts of
mathematics were received from many schools
\n LAUSD. Title i1l fundingwas no longeri
available - - yet Area K decided to continue®
this project. For the schopl year 1974-197:,;
our services were expanded to include 23 s hbqls
The 1975-1976 school yea;lshows & further expan-
sion. . . we now travel to 40 schools intArea K .
Occasional démonstrations are held 1n otherd Areas
of LA SD, as requested. (Thene are 12 eas
n ‘LA SD.) Our expermse s also requested
at.professional mathemat\cs conferences across
the nation, . . and as an extension wnStructor at
UCLA, CSUN, CSU-LA, Pé&pperdine University
and a Canmunmty Adult School,

N [
Thus, wé\feel that the calculator 19'not a gimmick,
nor a crutch” . byt rather a valuable,exciting
tool that, when used properly and wisely, can help

“
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. ,Chidren to learn'what mathematics eally 1s ! . Most teachers take pride in their profession and '
' . receive many rewards through the success of ’
Further conclusions discovered as the minical- their students.
r | culator continues to invade our classraoms are: - . . ¢
" ‘(1) Calculators take the drudgery out of The ca1culator- has the potential ¥ help '"turn
[ 4 computing. youngster-s onn" to education, . . \nthis case,
@ Calwlator-s cannot " th}nk" and con- throughthe learning and understandmg of
. sequently do only what they are told to mathematics. , .
. do - - thus, students have to know thewr . ) < :
mathematics, and press the right keys It 1s, therefore, the‘responsibility. of each local
- on the machine to get a correct answer. school's administration, teachers, parents and ,
. (3) Much more number awareness and * students to discuss the implications Ofy '
critical thinking are required when existerice of the calculator; and to develop a
using a calculator correctly and effi~ polity concerning the utihization of calculators .
‘ ' ciently for the study and learning of within thewr educational program.
) mathematical concepts. *
- 4y The low and underachieving students Through creative teaching strategies, and !
are encouraged to study arithmetic * students' proper use of the calculator - - -
* because Of the success factor in their the calculator s, indeed, a boon to education !!
¢ learning of concepts. The gifted ’ )
\ students are challenged to higher . .
. levels of analysis 1n their under- :
. - ' standing of mathematics, ‘
(5) Students have a great respect for the . .
) : calculator's efficiency and capabili- . ‘
- o ties. Enthusiasm for mathematics ) .
) ranks very high 1n a class where . K
calculators are being used. "
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* From the book,"Coping With The Calculator™, by P, A, Skoll
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' : Vernon M.” Guymon Jr.

Scottsdale Community College, Scot tsdale , Arizona 835251 . o

ABCTRA T Tne purpose of tne study waz to'determine what faculty rating policy or poli-
2les relezted subsets of MCCCD mathema*ics students used during the 1975 1976 academic
Jre tntent of thic studr was 62/;eter- not make a2 significant contribution to the
~1-e 4nat facalty rating policy or policles students' policy.
criected Clvsets of Mar*copa County Commu- - Following the procedures used in the
nive l7llepe District (MCCCD) students used Houstan study (5), JAN was used in a pilot
arleye tre 150 R-1976 academic year. . study to identifly different judgmental po-
. Facuity evaluation by students is an licies used by various groups of mathema- )
. area ~f great concern and the focus of much thes students attending Glendale Communi- '
a2t ignal research.  In 1974, the MCCCD ty College .and Scottsdale Community Col-
Fovepnling coard directed the district fa- lege during the 1974-1975 academic year.
Tulty to Zevelnr 2 ’a””l,. evaluation pro-, When students were grouped by the campus P o
tess which would include student evalua- which they attended, one faculty rating
Cionr 27 facalty. A .aculty committee was ' . pollicy emerged. L However, when *the stu- .
commissioned to create 2 proposal to be dents were groupe bv their matHematics
submivtted Tor district falulty approval. instructors twdffaculty rating policles 4
In Decermo=r, 1975, the committee's proposal were obtained. B . .
war rresented and voted upon oh a campus by . "
campus.tasis. Two of the 5 district cam- . PURPOSE OF THE STUDY. " The purpose of the
f isesrarproved the proposal. Each campus study was tondetermine what faculty rating
o pwhich relected the rrorosal was given until policy or polic’es geigcted subsets of
Marcn, 1377, to develop an evaluation pro- « MCCCD mathematics stud&n»s used during the
y cedure wi<n the stlipulation tnat the proce- 1975-1976 acadenic year., Three grouping .
dare in:lude :*'deﬂv evaluations of faculty. methods weve used Speeifically, students
) Zt.dens evaluations of teaching effec- were grouped by campuses, mathematics

- “lveners nave been Tound %t be related in courses, and by mathematics® instructors.
cerms ~° student rating policies. Identi- - By the use of JAN, the identification of
fvingtinesze rating policies has been a pro- the minimum number of different judgmental
tlem. Hcowever, a technique for capturing policies was made for each of thg studegt
ar.d clusfering raters' policlies, Judgement groupings. Student evaluations of facultg
Antlysis (JAN), was suggested by Bottenberg were conducted in December, 1075, and in

.. and "hristal (1) and Christal (3). In a v May 1976, .t determine if the faculty ra-

. scudy 2t the University of Northern Colo- ting‘policy or policies of the various -
rado, Houz<an {(5) used JAN as a vehicle student groupings varied' from semester to - ’
for identifying different judgmental poli- semester.
cles used by varlous subsets of student :
raters. Regardless of the grouping of HYPOT ES: The following hypotheses were .
students (rrade level, reasons for taking teste® in this study: .
the course, school or college in which the Hl1. A 3ingle faculty rating policy

tstudents Vere enrolled), one faculty ra- 1s obtdined when students are grouped by

ting policy emerged for the student groups. campuses Iin the December ev&luation.

. The oolicy was described as student con- . H2, A single faculty rating policy .
cern for fhe personal characteristics of 1s obtained when students are grouped by

N - the inctryetor (indtructor's interest and mathematics courses in the December eval-
enthusiasr, inter-fersonal relationships, uation. .
abllity tq communichte the subject, abili- H3. A Single facufty rating policy
ts O comrfunicate the subject, ability to is obtained when students are grouped by

. interest fA1d motivatye students). The in- mathematices instruters in the Dacember \\

c, atructor's 'eclassroom \mgnagement charac- . evaluation.
teristics hnd professional qualities (at- Hi4. A single faculty rating policy

tituile, kr

wledre, and preparation) digd is obtained when studehts are grouped by ’
1 .
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' 3 et et tartell's raravetric notation as folllws:
Sarlc PRI S ” L= &y vivariate. Hultiple regrec-
Soudern LTINS ol PRI I O Steor ztulles are acrually tne niurolint vee
, oo LACE AT S F tweer, riveriace and multlvariate work out
! 7.1t et tntor iz, are conslder=d as btivariate for clascili-
) PN HE TP ~aticrn runr T res
rov ' L= v oy "fveeiy happening." The
s variabtle. meacured in this study were .ot
S R AU IR B ~anipulated mer iqtorfered ¢ith.
Tttt ) i - forr "iated." Varlable 1 was mea-
i le o . cured tef-ope variable 2, varlatle 2 was .
Sy e T T oreasare :efcre variable 3, etce.
. ! Kok v Tere i - fzr "uncontrollea." All of tue
(T Im owem My wvalaetyoc, . rossioly involved variables left unmeasured
- wrer 3egert T oave e ma- and unotserved (classroom facilitles, time
A SoArIel ot e R T =7 day ¢f :lacces, e etc.) were allcwed to
PR TIFATES S S e - i1ffer as tney will,
. e arst tee tan oo RN e 3 = »r "apstractive." Tne research-
Lo St oLy paliedo s e e 0 iy -y orole walsn vawvlaples £o observe accord+
: coe, tne to a crecific hyrothesls about rela-
g oot 3t TAa- Siome 3mons a4 set cf wvarlables of interest.
: e ¢ = "~r "heved to a olased sample.
v Sy Facult™ ~e-rers wns volunteered to parti- :
Iy - Tl ~tpate in 15 study were selective in de-
' - A K cermining anich classes evaluated tneir ‘
. aplarmane,
: s ~ e IUTTRUNMENTATION:  Jtudents were asked-
. . . AT crelir ratnemztics Instructors on €acn
’ sl 3¢ wneN{ollowing Instrument.
Al . .. M * pl
, L T S LLURATION CF ILLSTRUCTION
. IR ; o T A Tleaze rate only tnls instructor in tnls
T . ) ’ rar<*oular cgurse In accordance witn this
- . ratine sczle:
g ) e .- (1Y T==r (") Fdir (3) Average (4) %o0d
' L. : : eoor0TT Y Tyseilont
. . . N -
- - ‘L r . LI
¢ R i T . 12345
. : ’ Tow T aa "‘ L3R N -~
; -, t . wwe . . . 2. >l 3 45 !
" , Lo . \ . . : ) 3
- . o, . <. Abillts to s~mrunicate the 1 2 3 45
) LT T e LTI Jublecs matter afrectively. .
. -t i meteamas T I S e & w, AT1l3ty to frntuevert and me- 1 2 304 )
B . camtem ot TRT ST e - . _tivase Svadent..
- L :2:°r;“ B ;;" ‘A"‘: ~"-‘~_ fa, 0 Fatyroca in e '1n€ and 12345 g
~ L R g R R ] -raiine,. ' .
' ‘ Lt T ey T T PO -, 3~:'.,u:(.:} Irt st avb\ adgy- 1 2 3 4 F
) Tyt et “'"T.zi' : STy catlon :T':tA1rhf‘r reeds.
- c . ) : f_‘ o TL T arse ol Jent ives Rre . 12345
* . * - ,.‘,.1.. R S
AT AU L S M PRI . ot ) ' '
Lo ot g v lamte { ..."Z‘ i =, tuurse ~btestdves are met. 12345
“ - . o v+ e, P N . . N e . .
L s ' o .. Evarttedns ccncldered, In- 12 3245
B N aq:~€,: e e e ."I:Siwr ;TP&D{:HS ?nd weak-
[] . N .. ‘.HA“"itF:I.' . .o teoae o . .‘oic“".e', T wwld rate the
Bt v tmmapy T e I ner.
~trat o FE TR S S N Kl U — .
T T S PI . ’ THAC trotrament was used by Houston(s)
' : . : drcorrina ahat r-llcies existed for var-

. Sitsets o csudent raters at the Unl-
7\ [ . AR rrity off herteern Colorads.,, Since the
* NN ~\ tnatrurent 13 not widely used or recognized, .
. 4 LA .

PR N -ty . .
. e “‘i Vo oo T N te - wery {rrcr™ant to.conaider its reldl-.
e U THTTE S Ce e PUUIU, e vttt . . ¢
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instrument refers to thesstavility, re~ L’
reatacili<y, or the precision of the data
gcllected from tne instrument. The res
'rﬂﬁ:ei'on the first 8 items on the in- .
‘rryrers were considered as oredictor varf—
abkzs for trne respornge on item 9. In the
hurton 4 ady, the RBY (multirle R squared)
<3l uec exceeded .T4. This indicated a
olrn 3erree of intrareliability for-the-
“ortrert Tolcrals ftudents.  When data
ﬁoﬁe‘*olle~tez usinm tnis incorument et
ST Temnd 377 Ie otre pilot stugy iurinethe
14761475 sononl year, the RS values ex-
zesred L0%,  Thaese recults indicate ar’
Tie lazhe decree oF reliacilticr for the

Lot ruTent, . ¢

Vallilta - The validity ~f an instru-, -

Tent orelans ©0 tne extent to which data

Cowosea [r3LYUMEnt rneasure anatl they were
frrentent o, maiare,  Any =atimate of the
Syt L ovoarn instrupent 13 valld re-
uirec v arready exictine insorument or
menrure arlon nac fufficiens relevance,
weltardltty unt valldicy to re .red as a
sriteorion mearure., In the dcmaln of tea-
e wffestlvarecs Zuen A ariterion is not

- onwatlacle,  soasver, Trats (4) used a
item 120t iornzire ¢o determine the num-
cer and ratPe of the faztopr whicn under-
Jie coLdent rercerticas of ksacner:. A
“fr;le fazear ace~unted for $1.59 of the
artanze in teszt items. Tre rlgnest load-
Tams 270 Sactor were o (a) "clarity \
Sf syrlavgsionc", (B) "fatrness", () "at-
Sie 3o sorard stazenss", (1) "Stimulates
{reepazt™ 1a) M"aceloyde toward subject",
SV Masete 3e toward student opinionsy (g)
"enzrirarerers of student rparticipation”.
I¥M-c 1 srrough 0 or the Inctrument used

I «nis Ctuzy are addresszed to these con-
saroe, sIlters 7 oand 8, while apparently not
trrtofoanelr related ta student percep—
“ion s Ot Lersnuera, dere retaired for com- |
rarison witi tre Houston study.

4
IaTd TOLLECTION: A preparei packet of
Ti=2tionnalires and answer sheets was glven
o eqnh rarticipating faculty member for
1 7 nir classes.  Tne packets wer '/
itsericised to the faculty during the weeks
28 Noverter 24th and April l?th.‘ All pac-
e®s wore collected prior to fingls at the
Tl & r. I the frgnt of each
iF1 aet 4325 a colde for the sSpecific class
ractor and 31 set ¢of instructions
¢ administering of the ques-,

t B -
jend ©

»
v
2
»
3
D
(8]
ct
@
3

. Briefly, the teacher was in-
to chose a student in the room
ito admincter the zurvey and then leave the
rosm while the survey was ronmoleted. The
packet war then delivered by the student
-in charse to the mathematics office.

JREATHENT OF THE DATA:  The students were
Feouted Int o three selected subsets. The
flrst prcuping was made by campuses with-
ain the MC™CDM and resulted in 4 subsets or
Lroups of 3tudents. The researcher treated
sk ~f the Individual eroups as Judge of
lmatnsnatios teaching perfermance in the v
first JAN investigation. The second group-

[N
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ing resulted’in 10 groups each of which
was ireated as a judge in the second JAu
analysisy The third grouping of students -«
was made on the rasis of mathematice 'in- °
structors. This grouping resulted in 2¢€
groups. whizsh were treated as individual
JNdges in the thrid JAN analysis.

JAN utilizes a multiple regres3icon ro-
del and a hierarchial grouping technique
whicq clusters reaters on the basis of the
homogeneity of thelr predigtion equationsr
The procedure relates each of k dimensions
of thd stimull (tn& predigtors) to the re-
sbonsed(criteria) made by & rater ti.rough
a leastw=squares regressiorieguation. . Once
ratings for all stimull have been obtainei,
the JAN technigue uses an interative me-
thod of clustering criteria which retains
optimum-predictive efficlency.

As described ty Houston, "the JA!ll <&ch-
nique starts with the assumption tnas =acn
Judgs has aln individual policy. It give
an R (multiple R coefficlient sijaared) I
the ini%ial stage consisting of 2ll the
Jjudges, each one treated as an individual
system. Two policies are selected and
combined on the tasis of having the most
homogeneous rrediction equations, there-
fore resulting In the least possible loss
in predictive efficlency. This reduces
the number of original poliecies by one and
and gives a new R< value for thig ctage.

The loss 1In predictive efficlency, can be
measured by finding the drop in Re< between
the two stages. The grouping procedure
continues reducing the number of policies
by one at each Stage until finally all of |
the judges have been clustered into 2 sin-
gle group.™ (6) .

Following the. procedure used by Hous-
ton, the researgrer examined the succes-
sive drops in R~ at each stage of phe JAN
process. The determination of whegher one
or more policles were present amony the
Judges"was made on.the basis of thé stage-
by-stage drop in R®. It was determined a
priorl by the researcher that a siippage
greater than .05 between.successive stdges
represented to great a loss In predictabi-
lityé (According to Houston, a .05 drop
in R¢ usually coincideszwith a departure
from linearity in the R¢ drops.) By em-
ploying this procedure it was possible to
determine the Decehber and May evaluations
for each of the stu grouplings.

Supplementing the JAN procedure the
researcher used stepwise multiple regres-
sion (BMDO2R) in an effort to explain the
policies identified by the JAN technique.
The researcher determined the unique con-.
tribution of proper subsets of the predic-
tor variables, 1-8, to the prediction of
the criterion (variable 9). The contribu~
tion of a set of variables to the preiic-
tion of the criterion can be measured in
terms of thezdifference between the full
model (FM) R fall predictor variables %n-.
cluded) and the restricted model«(RM) R
(some varfables omitted). This difference
may be tested for statistical signilcance

using an F-ratio or by establishiwg an
-4
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* 4 PR
‘ : s VARIETIES OF INTERACTIVE COMPUTER-BASED TESTING . A
- \
k4 ) . ) \ - '
N . - l . '
. David B. Thomas ' ‘
52242

University of Iowa, Iowa City, Iowa

ABSTRACT: Computer-based instructijon has spread from the obscure laboragoriey of the 1960's to often
extensive usage by colleges and universities, public schools, business and 1n§ustry, the military, and
government. A recent accompaniment to the growing use of computers for instrubtion has been the develop-
ment and use of computer-managed test 1pem banks and computer generated tests. Further developments have
inoluded procedures whereby students are tested while seated at computer terminals. This review will focus
on the varieties of interactive tests-and on research which has suggested alternative methods‘for present-*
1ng and scorihg tests presented by computer. Particular emphasis will be placed on a comparison of sequent-
1al, branching, iinear, and multi-staged item selection and presentation models for interactive coinputer-

based testing.

Computer-based tests have generally been
characterized as groups of test 1tqms yhxch are
stored, constructed, or generated by means of a
computer systey. Such 1s the focus given by the
systems described ih a volume edited by Lippey
{1974) 1in which test items reside in 1fem banks
stored within_thé computer Systems and in some
cases on tab cards retained by individual instruc-
tors. These models of computer assisted test
consjruction provide for automated item selection
taccording to criteria Such as content, difficulty, ¢
discraimination, and the like), 1tem generation .
(usxpg 1tem forms), and printing of tests and
alternative forms. Statfistics relating to item
and Iest usage and item janalysis data are akso
usually re;ahped by the tomputer system for eval-
uatidn Sf theitems or for use by item selection
algorathms. - . .

. .

An almost universal characteraistic of the
computerized test construction systems is the
necessity for off-line administration of the tests.
The applications for such test construction
systems are widesprgad, and usage of the Systens
1S incredsiny. Recent work has begun to extend
- the applicabilaty of gpqh automated systems to

testing which takes place at an interactive term-
1nai so that the testing situation may be uniguely
and dynamically structured for the individual
student.

An ifiteractive test may be defined for
present purposes as a test administered at a
computer ;erminal, such as a teletype or cathode
ray tube display, in which the student's response
to each quéstion 1s immediately evaluated by the
computer, a testing decision may be made, feed-
back to the student may be provided, and another
1tem may be selected for presentation to the
student. The interactive process 1s then repeated
as often as necessary until the testing session
15 concluded. A distinction needs to be made
between the concept of an interactive test and .
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some forms .of computer assisted instruction (CAI}.
In certain varieties of CAI test gquestions play a

_major ¥ole. Drill and practice prOgréms copsist
almost entirely of questions; tutorialprograms
intersperse questions with text; simulations and
1nquiry systems often use test-like questions as
part of a dialogue. Groudps of test questions such .
as these are not considered interactive teSts
within the present discussion even though these
uses properly fall within the definitions provided.
The interactive test as used here proyides guidance
useful between units of instruction whereas the °
CAI usage generally provides guidance within the
unit. .

Iﬁ’the interactive testing sizuation the
examinee is presented with a test item through a
computer terminal. The response to the “item is
.evaluated as to its correctness and this inform-
ation, together with other information which'may
be available (difficulty of the item, response . -
latency, prior test or item scores for the student,
for example) is employed in a decision model which *
may permit or select the next item to be presented
or may even terminate the-testing session.

The anteractive testing models which have
been developed may be classified according to four
points of view representing the prdcedure employed
as the student proceeds from item gb 1tem through
the test. These procedures, or models, have been
classified as (1) linear, (2) branched or tailored, .

(3 éequential, or (4) multi-staged.

Linear interactive tests - The linear inter-
active test is one which is translated directly
from a paper-and-pencil format to computer presen
tation. In such a test an item is presented to,the
student and a response is elicited. The correctness
of the response is determined either through refer- -
ence to a key or by comparison of the students’
response to a Yenerated answer if the item is
dynamically composed. A key characteristiq of the
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« qan 1tem answered incorrectly.

+ branching is to occur.

. selected for presentation on the basis *©

. v

linear test 1s the general absence of a dec1S10n
function which would alter the length of the test
or route the examinee from item to item. Items
are -presented in a predetermined order without
exception. Linear jnteractive tests are common

1n computer-managed instruction (CMI) courses

such as those at Florida State University and the
University of Iowa. {cf. Hagerty 1970). The
student enrolled in CMI coprses at the Univer-
sity of- lowa signs on to a computer terminal,

1s presented ngh a short linear test, the# test

1s immediately scored ani the student receibes
feedback as to whether t®® 1instructional unit has '
been passed. In the Florida State University
system, the same model 1s fo lowed, except that
the short linear tests are composed of 1tems
randomly selected from an 1tek pool. A mbre -
complex mode of interactive tgsting and one
providing a higher degree of ipdividualization
1s the branched testing mode. . !

y
v

ted under abranched format resd
ingera.tion seen 1n a programme
The student redponding to a bra
presented with an item, an answer is elicited,
the answer 1s evaluated, and the next 1tdm is’
the
answer evaluation. Typ‘;ally, the\next i1tem
selected 1s determined on the basis 'of 1tem
arfficulty. The difficulty level oh the prayious
Ltem and the examinee's answer are daterminants of
the difficulty of the succeeding item. It 1s
desirable that i1tems employed in aptitude and
ability tests have difficulty levels of approx-
imately .50 (about 1/2 the examinees, answer the
1tem correctly) for ‘the population of students for
whom the test 1s desrgned. Far the individual,
the objective 1s to design a test with difficulty
level nearly the same as the examineg's abulity,
and to do so in a way that the test has difficulty
level of .50 for- that individual. The branched
test 1s designgd to do this by presenting a more
difficult 1item after an itgm answered correctly
and presenteng a less difficult iitem following
The items in the
1tem pool making up the branched test are cali~
brated to determine their difficulty levels prior
to their being administered to examinees for whom
M bxaminee typically
begins the test by answering ap item of moderate
diffaculey. :

le the form of
instryction text.

Within this framework, Bayroff and Seeley
{1967) constructed branching test$ of eight and '
nine 1tems for use with Army enlisted men. The
ini1tial 1tem presented had a difficulty- level of
.60 and mach subsequent item differed from the
itelh preceeding it by .05 on the difficulty scale.
These investigators found correlations between
scores on the branched tests and 40-50 item linear
tests of .79 and .83, Reliabilities were found
to exceed those predicted for the linear tests
of similar length. Hansen (1969) constructed
similar tests for use with students in a college
physics course. .High reliability was reported
as well as a réduction in testing time. -

.

1f prior mnformation reqardindvan ¢xamipee is

ayailable, such* as a teacher rating, reliable self

.reports, or prior test scores, than the dxfficulty
. * ~ N

N
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level of the first item to be administered may be
selected 1n a manner consistent with this priof
information. Weiss®(1973) describes a branched
testing procedure (strati1fied-adaptive or stra-
ddptive) 1in which :items are grouped pnto nine

strata representing approximately equal daffrculty
levels. ,~Items of difficulty level approximately

.05 form the first stratum, items with difficulties

of sabout .15 form.the second, and sa on. The

examinee 1s first administered an item from the
stratum closest torthe ability level suggested by

the prigr information available. Correctly answer-

ed 1tems are fSllowed by administration of the next
available unanswered item selected from the sgratum‘
of higher difficulty. Items answered incorrectly

are followed by the next avairlable item in the

lower difficulty stratum. Testing continues until
both basalayﬁi cerlihg strata are identified. Over

a dozen scoring formulae are’ being investigated to
derive the actual ability level obtained. Weiss

has shownsthat for the stradaptive test the difff~
culty kevel for the individual 1s very nearly the .
optimal level of p = .50. ! ,

Other procedures for branched{teétiné have
been proposed,,-some involving paper-and-pencil kY
versions utilizing programmed booklets arld special
answer ‘sheets. Alternative item selection strat-
egies have also been)lnvestxgated, notabl} Bayes:ian
methods. *

’ 2
k Sequential testing models - The branched test- ~
1ng models described previously are procedures for
routing the examinee to items in a test which are
appropriate to his or her abilaity.level. With the .

_exception of the stradaptive tebt, all of the tests

described are of a fixed length. Even thBugh the
1tem makeup and branching rules differ, a specific
test will typically be designed to contain a fixed
nhmber of items for each examinee. \Only the stra-
djptive test'emplqys a termlnation gule which b
résults in tests pf potentially different length.
The sequential testing models to be described
employ either a’fixed 1tem sequence or a rule for
generating homogeneous 1items. A scoring and term
ifation rule delimits the number of items present-
ed during the intekactive test. .

The sequential testing procedure 1s implement-
ed as follows: the student is administered a test
item: the response, tQ the item 1s evaluated accord-
ing to the specific requirdments of the model; the
examinee 1S tentatively assigned to one of a
number of classes representativ¢ of the ability
estimate obtained at that point{ ,The risk of .
incorrectly assigning the examinee 1S evaluated

i

.1n reference to the amount of information avail-

able at that point 1in the test, and to parameters
supplied by the test administrator. If the risk . :
of assignment to an 1ncorrect class 1s acceptably
low, the test will be tegminated, but i1f the risk
exceeds an acceptable level another item 1is admin-
1stered and, the decision process is continued.
Three major differences between the sequential and
branched tests should be apparept. Firstly, the
number of items in the sequentipl test 18 variable
compared to the generally fixed|number of items in
the branched test. Secondly, the items themselves ﬂ
are fixed 1n the sequential tegt. Every examinee
Uho completed ten items, say, Will have been
presented the same items 1n thj same order (unhless

.
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hombgeneous 1tems have been generated). Thirdly,
whereas the branchéd tests are designed to direct-
ly estimate the examinee's ability level, on a
continuous scale, the sequent:ial ‘tests are design-
ed to classify the ¢xaminee into a group which 1is
representative of the ability level. Alternat-
1vely, classification’ may be made 1nto groups of
other kinds. Examples of such groups are pass-
fai1l, high-middle-low aptitude, accept-reject,
program 1 - program 2- program 3, and SO on.
For many applications, such class designations
' may be sufficient and perhaps preferable to
traditional ability scores.

!

A sequential testing model has been developed
By ' Thomas (1975) which employs repeated applica-
taons of dxscrxmxnant functions to classify exam-
_lnees 1nto one of four ability groupings. Aas
itums are presented to the student, a previously
Jderived discriminant function 1S entered using the
-umplete ‘response pratocol for the present and all
. previous items. The discriminant function indi-
cdtes the class to which the examinee most likely
whould be asolgned, given the response protocol at
that point in time., When a small number of 1tems
have been presented, the probability associated
, with the "mast likely class” 1s typically small
enough su that qne would not be highly confident
of a decision to assign the student to the identi-
fied class. Thus, the probability of mémbership .
1n cach class i1s employed as a termirmation rule.
After each 1tem has been evaluated, the highest
prubability (L.e., that associated with the "most
likely class") 1s compared with a minimum accept-
able probability. If the minimum 1s exceeded,
then testing stops; otherwise testing continues
until some preqxously specified maximum number °*
of 1tems have been administered. Thomas found
that only 1/2 to 1/3 the normal number of items
were required ¥or classifications and that 70%
| of the examinees were correctly classified.
"Major" errors #f tlassification occurred for only

»

5V of the examinees. \ =
Ferguson (1971) employed a hierarc 1 model
- _ of critergon-referenced measurement 1in iuction N
weth a sequential probability ratio tes wald,
1947). Homogeneous 1tems were individgafily '
, qenerated through the use of item forms.] Exam-

inees were evaluated relative to course bbject- )
1ves by adpinistering an i1tem and applyih§ the
sequentia’l| probability ratio test to determine
v whether~éhﬁ student had achieved mastery,
failed to lachieve mastexyk or whether judgment
should be suspended. A non-mastery decision
. terminated testing. In the case of suspended
- judgment, another 1tem was generated, the item
was administered to thé examinee, and the seg-
uential probability ratio test was repeated.
A mastery decision led to testing of the next
objective 1n the hierarchy. As a result of
"having to test fewer dbjectives 1in the hierarchy,
the author fdund high reliability and a total
' tqstan time reductron.

Linn, Rqck, and Cleary (1972) employed a’
samilar madel of sequential .testing with three ~
scales of the Collegq Board's College Levtl
Examination Program. The dtems were admxnlstered
in the same order as 1in the original scale.

S These authors found that one-half the traditional

Q
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. routing test of ten items selected in the

numbdr of items were regquired for the sequential
testing model to rdentify students wha should be
placed i1nto one of two categoraies.

The sequential testing models have not enjoyed
the attention nor have they heen the subject of as
extensive research interest as the branching tests.,
This 1s primarily becadse they are 1inherently con-
cerned with selection rather than-ﬂeasurqment, per
se. The sequeﬁtxal procedures as a group require
the development of fewer items than the branching
procedures and may ultimately emerge for this
reason. Berhaps the selection function necessary
for the multi-staged tests, described next, will
provide the stimulus for more 1nterest in this
procedure.

Multi-Staged models - The final variety of -
1nteractive tests to be presented are the multi-
staged tests. This testing strategy requires two ,
or more sub-strategies on sub-tests. The first )
stage consists of a rputing test which 1s admin-
1stered to the examinee to ascertain a gegeral
level .of ability. This level may be characterized
as broadly as high-middle-low, or may be somewhat
more precise 1in nature. The routing test 1s
typically followed by a "measurement" test which
1s peaked, at the ability level indicated by the
routing test which preceeded 1t. Characteristic
of the multi-staged tests are those which have
been investigated by Cleary, Linn and Rock (1968)
using sYmulation techniques and existing item data.
Four procedur€s were studied which divided examin-
ees into four ability groups. Each of the four
ability groups was then administered the measure- -
ment test of the appropriate ability level. The
four routing procedures were:

.
Two-stage routing test - Ten items were

selected, which had difficulty values of '
approximately p = ,50. The examinees wére

divided into two groups on the basis of

scores on this first ten-item routing test.

Each group was then administered a‘second

1.

« Same manner within each ability range. Four
abxlitg groups .were thus formed which could
be administered thc appropriate measurement
ests. . .
Broad range routing test - Twenty items were
selected which represented ‘a broad range of L -
difficulity. Examinees were admxnxstered i
' these tyenty items and divided into foyr
groups gn the basis of scokes.
Group discrimination routing test - Twénty -
items were selected which showed the largest
range of within-group difficulty indicps
(i.e., difficulty values computed for kach of
‘ four ability groups). The score @n th se -
twenty items was useﬁ to form four abulxty
© g¥oups. .
Sequential routing test - Twenty-three items
- were selected for use 1n a sequential test
as described in the preyious sect1on. Four '
ability classes resulted. . .

These investigators, in a series of #tudies, fhave

showed that a procedure of sequential routing to R
the measurement test showed highest Correlations
with the total test score, but that the group-
discrimination routing test showed higher cotrer
v

. Y] R
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lations with external griteria such as achievement
s scores 1n History and English.

Application or Research? = Tfe varieties of,
interactive computer-based, testing which have been
reviewed are largely confined to the research lab-
oratory., Researohers are not presently prepared
to recommend specific models for wide-spread
adoption - indeed could-not do su without Signif-
1cantly expanding research with sgudedts 1n a non=
laboratory Setting. The intera.tive computer-
based testing which does occur within the context ~
of ongolng instruction and which 1s relatively
free from user concern for examinee welfare

relates to one model only: the linear test. Yet
even the linear test 1s not free of affects
related to the computer terminal Situation. Some

research, for example,
black students perform better on a terminal-

) oriented test than on a tyaditivnally administered
test. Findings of this nature lead to specula-
tions as to the eguivalgnce of alternate forms of
the test "and to the errors of —m gsurement -
whether stimulated by computer or by paper-and-

» pencil testing. -

The use of computers for 1nteractions of any
xind with students lead tc considerations, of costs
vs. benefits. Consideration &f the relative worth

___of teacher and student time also needs to be made.
In thosg situations whcr¢‘§tudunt time 1S 1mpor -
tant and costly, as ‘in the military, for example,
computerized tests may be administered on demand
within an individualized instruction framework.
Even 1f administrative costs are not lessened, -
cost-efféctiveness may be improved. |

In situations where many different tests are
given or where fast Sscoring 1» desirable,
computer-based tests max be an attractive alter-
native. Where testing occurs at different times
for different students and item Sccurity may be
a factor, the computerized test may be valuable;
an 1tem on a CRT display leaves no hard copy
for pogsible compromise. -

In summary, let 1t ke said that computer=-
based 1nteractive test$S are being actively !
explored by measurement speclalists, educational
researchers, and idstructional technologigts.
Much testing has been taking t lace af compyter
terminaly, primarily of a linear sort, and the
trend to \ncrease computerizZed testing appl\:aJ

sstions will continue. Thy tedhnigues described
here, ‘'whrch i1ndividualize th¢ testing inter-
action, will certainly be deyeloped to the stage
that will permit th2ir_ educa 101?1 use within a
very few years. .

: S

seems tt) indicate fhat
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Substantial increases in the number of users, number of 1tem banks, and item bank sizes have occurred in

the past year.

These changes, coupled with feedback from teachers and support personnel, have provided _

valuable 1nput for consolidating SOCRATES from a pilot or demonstration phase to a routine operational

phase.

The experience gained in this task should provide invaluable input to. educators interested in

developing and implementing cpmputer based test generation, scoring, and analys15 (cra) Yackages for class-

room support.

Five areas of experience are discussed as especially 1mportant to any such project:

design

of item banks for maximum selectivity and i1tem retrieval, design of items and processing them into the banks.
user aftitudes, habits, and training, hardware and software constraints; effective use of CIG as a class-

room resource.

N

Introduction

Notice!!! Tesé preparation is no longer a labor-
10us task. The timesharing Exam Program enables
an 1nstructor to prepare a test by entering the
following simple commands irfito an office terminal.

Exam test re¢quest (1dentify1ng the test genera-
tion Program)

General chemistry (1dent1fx1ng the question bank
to be used) \

Stoichiometry, volume calculations - 10 items
(1dent1fy1ng category and quantity of 1tem5 to
e selected) \

Chemical equations, pred1ct1ng products - 10 1tems

Nomenclature, binary %ompounds - 10 items

Redox, determination of oxidation numhers - 5
items

Keyword: test 23, chapter 3, 4 (4questions to be
limited to those from a particular text and chap- °
ter) '

Miked dlfiiculty levels. b ver51ons

The screen d1splays the requested items se-
quentially, allow1ng the teacher to accept or
Five different output options are
provided: (1) the test may be placed on floppy
disc at the test center for students taking the
course on a self-paced basis; (2) the test may
be printed on the electrostatic copier in the
department office (1-10 copies); (3) the teat may
be printed on spirit duplicating masters at the
teacher's office terminal with a 50X linear re-
duction (11-200 copies); (4) the test may be
coﬁied automatically onto microfiche cards with
tri-color diagrams to accompany the text of the
questions (11-200 copies): (5) the test may be
transmitted to a queque at the duplicating center
to be processed on its computer controlled mul-
tilith machine (100-S000 copies).

Sound like sciencenfiction? It is if the]

teacher is employed by any public or private in-

- -
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major components:

.

stitution of learning in the U, S. VYet the tech-

_nology required to retrieve tests and deliver them

by any of these five options has been available
for .over a decade.

The development of SOCRATES began in 1972.
Since that time many people have contributed to
its growth. Our task this year has besn to con-
solidate the progress to'date. We have observed
certain problems associated with the application
of computer technology to the educational process.
We present some of our experiences here for others
who plan to develop a similar test generation and
scoring service.

The teaching/learning process contains twor
(1) the delivery of subject
matter to the student and (2) the evaluation of
student progress. Although the number of ways
in which these two components can interact is large,
the relationship is often in one direction only;
the nature of the second is detérmined by the
nature of the first, but not\vice-versa. Folldw-~
ing a period of learning,,the student 'is examined
for acquired knowledge. The ekamination Serves
as an evaluative tool only and\not as a guide for
the delivery of more course matyrial. As long as
the level of delivery is aimed at the average
student ana the exams are normed‘on the class
average, this method is considered to be ‘a success.
That some students excell and others fall furthér
and further behind isa considered simply to be a
peculiarity of "the system". Over the years, this
commonly observed shortcoming gained grester promi-
nence and educators began to suggest methods that

ejL more sensitive to students' needs.

Today we see many outgrowths of this early
desire to improve the systepm: prqgrémmed in-
struction, computer asaist:g\instructiod. self-
paced learning, personalized lustruction to name
just a few. All of these methods tend to focus on

-
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o the students’ needs in determining the level and five hundred mileé away (for some of our campuses).
the speed of course work. Unfortunately, they ’ ¢
. have the fault of requiring the teacher to The terminal which prints the tests is half-way
spend excessive amounts of time preparing and/ across campus (for the rest of our campuses). i
or evaluating course work for students at various ‘ -t
levels of progress. It 18 the evaluation of stu- Your local campus ADP director will support the
LI %%A% progress which proves to be particularly printing of tests on the local high-speed printer,
. burdensome: most of the personalized methods . but willsnot supply them on continuous form re-
use a modular approach, with each module being production masters.
concluded by a test over its contents. Some : ‘ =~
teachers administer a pre-test and a post-test The reproduction of tests printed on white paper
as well as repeated post-tests until p certain requires an advance notice of two weeks at the [
mark is attained. It is here that the computer i duplicating center. ‘ ¢
) offers a solution to a very real educational . !
problem. It can generate and print tests quickly, _ The local campus ADP director will not support the '
. score the results, maintain student records, SOCRATES system because he is already understaffed.
. . and compile item statistics for future test devel- ;
opment. : ) The test request (telephone-oral) gets garbled in
s ' transmission.
Cf course, educational administrators : .
ask for mor. than that a new method, medium, or gad- The test reauest (panch card via cable) is ms
- get be able to solve or alleviate a recognized punched.
) educat:onal problem. First, it must be just as .o
accessible as the method earlier used for the The computer breaks down. [/’ "
same purpose. Second, it must be competitive in - :
price. These two additional criteria pose larger The ADP director 1s supportive of the system, but
problems. the print chain on his terminal is the* wrong one.
. N -
. A comparison of manual preparation and scor- The teacher drscovers during the duplicating pro-
ing of eaual numbers of exams, vs. computer gener- cess that the ditto mastars were mounted backwards
ation and.scoring will doubtless show the auto- on the high-speed printer. s
matic-méthod to be cheaper. To compare the genera- .
tion and scoring of large numbers of tests for in- The test arrives on standard white forms, but the
_.dividual students, even by the computer, with the print 15 too lyght to produce decent optical mas-
a manual asserbly of perhaps, a one-hour midterm ters. ’
. . exXamnation and a three- hour final examination . .
! each term, the cost comparison becomes somewhat The test arrives by first class mail ten days after
less favorable. There 15 another problem. Even it was postmarked.
1f one were to compare the cost of generating and .
. scoring equal numbers of examinations by bpth The Organizational Structure of SOCRATES
methods, the cost of the computer generation is ~ ) ) \
. added to-existing educational costs rather than +The Division of Information Systems of the
, replacing them. California State University and Colleges is cen-
. B . tralized at the Chantellor's Offite in los Angeles.
. The teacher 18 still paid the salary of a full- A- dual CIC3300 computer services the needs of all
time faculty member. The secretarial staff is not . nineteen campuses.'though each campus has a smaller
reduced. That the teachers and secretaries can , , computer which can handle small jobs with quick
now redirect their efforts toward more useful en- turn-around. The organizational structure of pro-
deavors thereby improving the educational process ject SOCRATES is shownr in Figure 1. The role of
cannot be denied; 1t is not, however, an argument *  the major components in the diagram are described
for reducing costs. “below. .
Then, there is<{he matter of accessibility. User-Contributors
‘ In the early days of this century when the auto- A -
mobile first made its appearance, people worried There are slightly over three hundred users .
about the problem of refueling on long journeys. Pegistered to request tests through SOCRATES.
The automobile enthusiasts of the time went out oh These users are distributed over the nineteen cam-
a limb 1n predicting that refutling would be no puses of the California State Urliversity and Col-
problem at all as someday there would be one gaso- leges. The potential user group within the system .
line station in every large city. . 18 roughly sixteen thousand. If the SOCRATES sys-
. ' tem remains centralized and its use is opened to
Most educational institutions, in contradig- ‘faculty of the community colleges as well, then .
. tion to the state of the art, find themselves still this potential user group would expand to over :
' very much at the beginning of a new age. It is * * thirty thousand individual teachers. The daily
- . one thing to paint rosy pictures of automatic test request rate varies from one to three percent of
v retrieval as we have at the beginning of this “the total registered users. In the month of Noy-
article, but quite another to attempt to convince ember, 1975, there were 151 test requests processed.
: . financial officers of the educational efficacy of Users request tests from banks covering sixteen \
: computer assisted test construction‘when the system subject matter areas in one of two ways: directly
. " is plagued by any of the following problems: “tpy telephone to a clerical assistant hired to take
. . o Voot ., T . . test requests at the-Chancellor's Office or by )
. The\{:rmiqq} which primts the tcsts is more than’ . remote- job-entcy 4t one's local campus copputer '
. . L . N ',,..'L LY ' X «y * .
’ . . . S.33 0 .. . c e G .
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center. The component labeled "communicatibns
interface™ accounts for either of these functions.
From the very Qleginning, our users were encouraged
to submit theiri own 1tems to existing banks and to
develop new banks in other disciplines. As con-
tributors, they are exposed to the finer details
of cross-classification: categories, keywords,
diffsculty levels, behavior levels and special
characteristics. 8ix of our existing banks and
five new ones have been built by faculty who wel-
comed this opportuntty and i1mmediately saw advan-
tages of using computer assisted test ¢onstruc-
tion in,their disciplines.

3

Bank Coordinators

-

Excluding the U. S. History bank which ¢
was developea by a large number of teachers in the
Los Angeles Unified School District, each SOCRATES
bank was developed by one or two faculty members

in the CSUC system. Developmenr included writing
appropriate category indaces, gathering items for
inclusion, classifying the items according to cate-
gory, difficulty and behavior level and -certain
crosg-references. 1n the early stages of develoE-
ment, SOCRATES bank coordinators were from our
Southern California campuses. Oply récently, as
the systém has begiin to be bettér publici¥ed, are
coordinators from the northern campuses beginning'
to volunteer their efforts. After a bank has*passed
through 1ts 1nitial development, users begin to ask
if they may submit their own 1tems to the bank.
Dedication to this task varies greatly, but' the
overall effect is to change the role of the bank
coordinator from innovative developer to that of
manager. As new groups of items are received, they
must be logged in and checked against earlier con-
tributions to guard against duplication. Keypunch
operators need to be kept informed on changes in
notation conventions for each bank. As the volume

L

\QL;ggmitted 1tems increases, co®rdinators find

1t“impossible to undertake the task of coding them:
those faculty who have submitted items are gener-
ally assigned this task. It 18" the coordinator's
job to keep these individuals informed of changes

in the category index and conventions on keyword and
special characteristics. Finally, it is the coor-
dinator's job to set standards of reliability based
on the 1tem statistics and periodically to edit

the bank on the basis of these standards.

Campus Coordinators

Each campus has a testing. officer whose tradi-
tional duties have included the administration of
personal aptitude inventory tests, the coordination

- of periodic college board exams held on the campus,

advising the local academic senate on the establish-

. ment of standards for teaching effectiveness surveys

Q

[E

Aruitoxt provided by Eic:
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and’ assistance to faculty with research requiring
expertise in the area of tests and measurement.
The development of project SOCRATES, the avail-
ability «of automatic scoring packages locally and
the renewed awareness among faculty toward relia-
bility of tests has given these testing officers
the added responsibiXity of becoming the local
SOCRATES expert: The response from the testing

‘officers ranges from enthusiastic support to pre-

meditated ignorance.‘ The former generally see the
role of their office to be that of service to
faculty, whatever the need may be. The latter are

\
/
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"*spread reluctance to have SOCRATES tests -printed

‘

often employed by the counseling centers on their
campuses and they traditomlly have not been involved
in classroop testing. Nevertheless, as SOCRATES ‘
grows, we shall look more and more to.these indivi-
duals to take on the task of maintaining a local
supply of documentation and assisting faculty to
order tests.

Project Directors

As the SOCRATES system grows, the role of the, b
project directors changes from that of inspired *
(possessed?) innovator to that of evangelist. In
the beginning, it is necessary to secure bome pro-
gramming support to write the prototype retrieval
system and a few dedicated (hoodwinked?) aEﬁity to
After the first \few
\the

develop the first item banks.
banks are operating, and with the assistance o
workshop ‘coordinator, the directors travel from\ campus

to campus, spreading the gospel and distr1butinﬁ \ \\
dumps of i1tem banks like Gideon Bibles. ) [N ‘]

G\ e I
*

Systems Analyst - Programmers \

local ADP Directors

e e e el = Sl ol e o e R Ll e ame .l

?roject SOCRATES employs one part-time systems
analyst and a full-time programmer. The systems .
analyst®and the project directors together evaluate
désires and suggestions made by users, bank coor- \
dinators and, ADP directors on the various campuses. \y' .
After much discussion and establishment of prior-, !
1ties each year, the programmer tackles the job'of
1mp1ementatioq. The programmer also serves as trouble-
shooter when requests for tests fail for reasons pe-
yond the knowledge of the clerical assistant who t
takes the request, or the user who submits the re
quest by remote-job-entry. \

The SOCRATES system represents a very minor part of

the job responsibility of the local ADP directérs,.

whose attention  is focused on supporting the regis-
tration, accounting, grade reporting, and a brdad -
spectrum of instructional computing services. .| .
Nevertheless, most ADP directors see SOCRATES aB a

way of giving instructional computing a larger voice

in the de;;rmination of campus policies affecting
computer dervices. The ADP directors, through

their support personnel assist users in generating
examinations by remote-job-entry and having them
printed on schedule at the local campus high-speed
printer. The bad.news is that there is a wide-

locally. Faculty are reluctant because ‘the local
character set is slightly different from that used ~
at the Chancellor's Office; ADP directors are re-
luctant because the line speed is only 3600 baud--
any significant:use of SOCRATES by faculty would 4
swamp local campus systems. Practically all ADP
directors refuse to support the local use of ditto
masters, partly-because of the expenae .involved and .
partly because of the static they get from their . -
operators. : . ' PR
Summary” ' -
4 ' .
The reader might wonder what has‘happened to , e

the rest of the connecting lines of command in -
Figure 1. The answer is that there are none. .
Each circle in the diagram represents a person who. ~ s . ‘
works for and is paid by a different administrative

“ N .

[ .
*
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unit. The bank coordinators are largely faculty

members on separte campuses, unpaid for their de-

dication to SOCRATES. The same 15 true for the useér-
contrlbutors.[ The keypunch support for this year '

has been donated by the ADP director on one campus.
The project directors and workshop coordinators

are employed/by the Office of New Programs and
Evaluation. /The computer operators.are employed .
by the Divigion of Information Systems. The campus
test officers are usually professors of tests and \
measuremeny on the various campuses. The systems
analyst anfi programmer wak for the Instrurti&al
wupport Ggpup of the Division of Information bystems.

The pdmihistrataive structure of SOCRATES 18
a managen's nightmare and an academician’'s dream.
with the exceptlon of the keypunch operator and the

computer operators. who answer directly to their ..

superv.rors, everyone else 15 free to do as he or
she pleases within some very loose philosophical .
boundaries and the programmed constraints of the
system. The campus testing officers are free to
enrour e or not tos encourage faculty on their
campuses to uSﬂ the system. The bank coordinators
are frees to use many formg of cross- -references 1in
developing their banks or ‘none at all: they are
free to work closely with users who wish to con-
tribute their own 1tems or to let those users work
directly through the project directors in getting
their 1tems coded and loaded. Users.are encouraged
to use existing banks and to develop Mew ones 1n
different disciplines and specialties. Although
they are encouraged to use the SOCRATES scorlng
package 1n order to add to the item statistics
file, they are free to use¢ Bcoring packages avail-
able at their own campuses or to use more accessible
self-contained scoring machines. The workshop -
coordinator<maintains an active schedule of meeﬁlngs
with interested faculty on the various campuses,
assisting in the request of 1nitial tests, -The
project directors maintain an-office which’' serves
as a clearinghquse of ideas and documentation. .
Suggestions which are deemed suitable for serxous
copsiderstion are discussed by al) concerned at'a ,
monthly coordinator's meeting. The office maintains -
current copies of all system documentation for.
users, coordinators and interestéd correspondents t
alike. At this early stage, the dxrectors job 15;
to extend an open invitation to faculty both to
participate and éontrlbute to the banks!

-

There are at least two. advantageé to such a
loose structure, First, the system will grow
throuph faculty initiative rather thqn adminis- -
trative directive. The charge that SOCRATES i&' .
being used, as :gmeans of controlling.all classroom
curricula centrally wxll be grbundleas. Secondly,
expansion..of the system to includ#& the community.
colleges of Calmiornla Jhen the public agency data .

' processing network is implemented will require little
.change in its»admlnxstrafion. there will bhe some
"new banks, some extra money for hiring additional

support -personnél and a greatly -expanded gfoup of
user-tontributors. There ip still widespread un- .
certainty angd outright f2ar and ignorance among

- faculty and administrators about applicptions of

computer technology to the educational process. {‘

" The development of sybtems such as SOCRATES is

better served by a loose structure, because its
slow, natural growth thre s no one. It has
the added advantase of b{m s time to improve
the ayatem. :

. 1

s ‘
.

On the other hand, it 15 imperative that we
recognize that the key to success is to continue
to strive, through effective management, to achieve
“the greatest good for the greatest number'". The
question 1if not whether to give permanent support
to computer assisted test construction, thereby
assurang its contlnued development. The observatfon
that the computer has become an indispensable tool
in supporting routine operations of educational
institutions. 1ncluding the maintenance of records

" on registration, grades, library holdings, and pay-

roll, forces one to realize that the real auestion

15 whether to allow computer assisted test construc-
tion to develop on nineteen campuses in nineteen
different ways with hundreds of programmers duplica-
ting eacliother's efforts and thousands of professors
submitting tens of thousands of test 1tems, many of
which are the samc 1tems that are being submitted

by their colleaguesn, to.bundreds of kzypunch operaisrs,
all punching them in different formats. Can we

afford to let professors keypunch their own items -
to be¢ used 1n their own private bankg with primitive

. retrieval systems written by them in the evenings

and on weekends with no coordination with a slnyle
other professor in the whole CSUC system?

That the firral success of computer assisted test
construction 16 1nev1;ab1e. there can be na auestion,
judging from the increasing demand for more rapid—
and efficient i1nformation retriegal from mapy sec-
tors of 50r1ety.
be hampered though until the computer belpmes_as
reliahle as.the department secretary or the offxce
typewrlter. until teachers place the same trust in’
.the computer to produce tests as they do in a text-
book to produce %ﬂaas for test questions and until
* isers begln to defiand the same- quallty of infopr
.mation retrieval service as thqy can now get from
thexr-campus 11brar1ahs,

. . ) -

Its usefulness will continue to ..
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‘ ABSTRACT:" The objective of computer-assisted testin in thermodynamics is to present .,

.

“edge an thermodynamics.

U. S.'Nava)] Academy from 1967 to 1971.

. used in the testing hpobram, thé
instruction.
e Q ’
~ s ’ ' ? i ‘

g . .

1. Introduction . : v
\ o .

, - From 1967 to 1971, the Djvision of

Engineering and Weapons, together with
the Academic Computing Center of the U. ¢
. Naval Academy engaged in a J?int omputer
ass\sted instruction project gxpro-
duce teaching materials_in thermodynamics
« for adaptation on the IBM 1500 instruc-
tional system. Four experimental sec-
tions cons1st1ng of sdixty-two midshipmeh .
taught by the author and Lieutenant Com- |
mander M. Tuft used segments of the com- °
pleted CAl material in the thermodynamics
course during the 1968-1969 and 1969-1971
academic years. The project was set up .
\ in three phases: » /
(a) Development Phase - To be used
to write all the CAI materials and to
\ program them into the compuder. The
- ’ preparation of each &nit of the course
material in instructy 31 form is de-
scr1bed by Wu and Lee

" {b) Va11dqgion Phase - To be used
to conduct classes, to determine
whether the objectives are mel, andgo
hake revisions where needed("

(c) Evaluation Phase - To be used
to cdonduct classes, to determine the

t CAI precsentation as compared to the
non-CAl presentation, and to mdke re-

¢ vistons and recommendations reqardZn? .
implementations. A genera] surveyl®

' . and a statistical survey(S) on the CAI -
thermodynamics have been reportéd.

ERIC . . = .

s /

questions as efficiently and as aCCurately as poss1
-, students at time of question presentation and the ma
‘ Nuestions from a -computer te
assisted-instruction 1n thermodynamics developed by the
The quest1ons can be selected by students on the
basis of bekavioral objective.* Feedback 1s given at the end of the test as to what the
* student missed and what work needs to be orescr1bed for him. :
cloSer the testing approaches to computer -assisted

punch.land an 1132 printer.
P 1

e, with the minimum feedback to the
imum evaluation of student's knowl-
1s selected from the computer-
thor and other professors at

The more feedback loops

specified to be ™total immersion," i.e.,
all the he course are to be

. \he CAI\thermodydifics course has

terials of

taught bg CAI. However. the results of
the students' perfOrmawce and responses
jn\the Al clasdes and 'the experience
gained py the author(®) and other pro-

s from 1967 to 197.1° po1nted-to the
fact tHat due to limitation of the CAI
materigl authors® time, the CAI instruc-
tionallmaterial could not be as thorough
professors desired, thus causina
cept of "total immersion" of the -
rmodynamics course to be dropped.

dynami

To make use of the existing CAI ther-
modynam1cs material, students who enroll.
in the thermodynamics course will be en-,
couraged to take testing ¢of those seg-
ments in which they may experience diffi-l
culties. .

2., Equipment ,
. - - - * R
The computer-assisted feachihq unit
{s ‘the IBM 1500 system which is comprised
of an 1800 process,control computer, a
1502 multiplexer, five 2310 disk drives,

two 12400 tape drives, a 1442 card reader/

Eakn st dent station consists of:

{a!) A 1jght pen and a typewriter key-
board. which allows a midshipman "to con-
troli the mathine's presentation of %est-
ing huestions and also to submit his an-
swers to the testing questions. .

i

)
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| , (b) An wmade projector and a 1515 {5) Wu, C., A Statistvcal Survey on
; cathode ray tube which enables the sys- the CAl Thermodynamics at the U. S. Naval
| tem to communicate with the midshipmen. Academy, 1973 ACM Conference, Atlanta,
the cathode ray tube and figures or ¢
graphs are displayed by means of the (6) Wu, C., Effectiveness of Computer
1512 mage projector. N ’ Assisted Instruction in Thermodynamics
N and Fluid Dynamics at U. 5. Naval Academy,
3. Testing Logic . Paper No. 3B-6, Application bf Computers
. . to. Fluid Dynamic Analysis and Design Con-
\\\ The computér-assisted testing mate- ference, Farmingdale,\ New York, January,
r1als 1n thermodynamics are made 1n many 1973. “ ,
seqgments. Each seqment consists of a
. test which is corresponding to the post .
test of a CAl segment. The midshipman ¢ ’ v
who passes the test 1s considered to ‘ s

, have completed ;hg specific segment and N

! achieved the desired objectives of the

segment. The testing segment requires

the midshipmen to go through a certatn

/ ) . sequénce of questions and to answer cor- .

. rectly each question posted in this se- \\\
quence. He 15 told that he 1s wrong when -
an incorrect answer 15 picked However, :
the ¢orrect answer to a question is not
provided in the test. The midshipman who
fails the test, twice 1n a row, 15 given

» the wnformation "cut off, and see your

,ﬁ instructor.” The problem 1s either that .
the midshipman needs some additional in- . .
struction or there 15 an information gap
1n the testing segment. Some improvement

\ . %to the-testing segment should be made.

!

f 4. Discussion ‘ \\ L ) ' . ) J

{ . Tutorial learning. especially under o .

' total immersion is too ambitious con- ) - v

.+ .sidering the presént state of computer

usage as an edgcational learning device.

; Material appropriate for. computer-assis- '

i ted testing seems most effectively in . v

the area of training such as use of .

steam tables, gas tables, etc. ., ) : - K

| " The testing questions are presented on Georgia, 27-29 Aug. 1973.
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I R NN wine dévelopment 0f a &1ctrict-wide b-- mathematics curmiculum was undertaken. THe approagh
“.f- e o tor arnievement atsesgment was criterion reference testing. Students would Be tested
i each Smren T usIng ‘test ‘Le&"SvtaVen from* "art 1tent bank based on the curriculum obJectives. To this end,
A caer Rt ot teachers was commiadiones 1o create such a bank pf test questions broatems. The next
Caoprutlen L the 001588s Of presenting=the rest “items to the.students. Tests conta’mmg groups of object-

,°_,‘_v‘~‘-—,~.-,7u.,' were 1kely to-he tested together were treated. Two d]fhculnes ensued. Firsts the cost . .
T ,.naru\."ves,e tests prln‘ted. across all grade levels, Was prob]b]twe Second, the objectives on a '

'mvtl 41 test wgre not necessarzly the ex3ct ones a teacher might want to %est smce the objective
;JH tw e ahl k0 dIfferent sequences depending on. the student/ and teacher. Thi$ paper will describ
°. hov sthese peublens were’solved by.stilizing a Computer Assisted Tegt Construction System, aeronymed
* RYEN 1ar Larputer Pefergnced fvaluatiom and Assessment m/Méthematlcs. .develcped totally‘ n house"
. 'rw st w.s LB Syst n/S\M\odel 10. Botk the Systemq deQIgn and sof\twave wH] he described...t . °

! . el ‘,.‘ . 'r"RODUCT o ¢ , .‘?struchonal objective should state’(l)'ivhat is\*e.
R ) \ - oooe . 1t that the student who has mastered the concept)
-, m.m, d""‘mels o che\ques-twanOw c'f‘efu\.e 1 or sk11l 1dentified n each objective vpll be *able,
e ‘s o1nst: n,:“mn 1- prf)gram"" usuaity proves s to do, (2) under what conditions vl he be*abie
tntoe 1 thoruughly fragtrating experience for .. to do this, énd (3)"to what extent will_ he bb able
Sran o af cdwaty }z...dm nig rators. SupervIson™s e, to do this. .
. 2t tea ners a4l The four-step procedyre N T ,
' oot e low represents. smpthed model which - ‘In prachca\ usage, suffice 1t to say that one
an b at1rrzed when ’p]aqn g & program desiqgned major advantage of an nstructional objectiva
0 ot jectively evaluaté the*'wnstructwnal» .. 1s derived>from the smple fact that 1t 1s written. .
. nvﬁ"rw uf a gwen schoo'] ‘\ < 0 " -, Once 1t s wratten, it is visible. Once itehsT Lo
. ' ) L o visible, 1t can be reviewed, evaluated, modiﬁed
1 itentary the speclﬁc obwecnves ofs dhe | '-/ . and wmproved. As the movetent for 'accountablllt,y
instouccionad program .., ~ e “1n edutation increases, this necessvty for ip- .
create gvaluation inStruments that can beltised creased Visibility and specificity in objectives
' ‘o obtan information about- stiydent schieve- R *swill become apparent. No longesswill education .
. rent ag related %o the obJe.t?ves of the . ' be able to ctoak 1nadbquac1es. incompetencies. )
instracticnal grogram - - . , and mediocrity ‘behind the guise of vaguelly sgated.
3 Qevelop and Tm ement progedures far . L unmea»suragle gaals and objectives.
* admmistering he tests {or other evaluatne A . )
: . nstruvents) > . . The rather’ opkus gurnose of an’instructional .
1. Collect data and mterpret results - : ObJectwe should be to make clear to teachers,, N
ver e .- L. Students and ‘other interested persong what students
) . This presentation wili be concerned pr 1mar11y OO should pe dble. te.da as a result of, the, instruct-
with pdints 2 and 3 of the above model —~ Howr. - . " jonal program. }infortunately, $chool isystems :
ever. before praceedingsto these aspects,d ~* cr)fmvonly lack.g. comprehensive and reasohably -
digresshon 1nto the philosophy underlyvng point tonsastent sct. of 1nstructzonal obJeches
1 15 netessary. ] L N A
. o . < e LRIIERiON REFERENCED mme
. * A lNS] RUCTIONAL OBJECTTVES .. : *
N i lhe nethod of‘ev‘aluabwn comonly assocIated with
The pros and cons concermng the contrbversy ovev . mstruchonal-ottJecnves is known as «riterion-
the desirability}(or undersirability] jof ° referenced t:nshng 1o, this mode of evdluation
delineating instrictional objectives (e llso known {(m cqntrast t0. BOrms referenced testmg). no
as performance orfbéhavioral objectives} will not attempt is made to compare the performance of an:
he 1e1terated witfin thes scope of this presentat- , ihdividual with that dF Sthees, * Rathery one :
100, The specififr1y and compieteness of anstruct- | . seeks to évaluate. p,erformance m te»‘ms of whether
1onal abjestives has been a point of debatk for an ihdividual has achfeved or.has: ran +t0 achieve
many years_ TheofFetically. a well written - specific mstr@mnal oijctives. L; seel,s to "\
3 ) Lot .‘: .. .-'- -
| Ce LT . L .
345 . c et T
. » . - - . - 3
rye e . .
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answer the question, "What specific skills,
: knowlegge and understandings has a pup$l,

. acquired?” In its post elemental form, the
response of each gupll to each test item is
evaluated as correct or incorrect; the skill
or ab11ity measured by an individual test item

‘has é1ther been mastered or it has not.

s Perhaps the most fundamental assumpt1on

mplicit in criterion-referenced testing is
that there exists a generally agreed upon
hierarchy of skills or knowledge in the field in
which one w@nts to test. Basically, the criterion-
referenced dpproach is of 1ittle vallie unless the
assumption 1§ made that mastery of one skill or

t b1t of knowleNjge is essential for mastering
another sk111 pr bit of knowledge”of a somewhat
similar charac er at a higher level of. d1ff1Cq1ty

or_complexity. ‘. B

A \

. ‘»_ THE PROBLEM

Based upon these precepts and philosophies, the
*developmeht of a district-wide kindergarten
through eighth grade mathematics curricuium was
undgrtaken. This objective based curriculum .

was to be developed 1n-house by a commitiee of,
. teachers representing the various grade levels.
The actual content of the curriculum was to bé
comprised of a compilation of generally acceptable
mathematics objectives from var1ous sources, .
including textbooks and CUrrently availaple
Tist'ngs of objegtives. These objectives vould
ther beed1t§g/nﬁg modified to best meet the néeds
of our scho d1str1ct . .

.

: This obJth1ve based‘mathematwcs syst m was to be
© Lomprised. of three components. (1) a/curriculum
‘quide which delineated the appropriate instruct-
“10nal objectives for each grade level, (2) a - .
record keeping component designed tojchart and
. prof11e individual and group progres$ through the
specified objectives. and (3) a criterion-
referenced evaluation component. Thg first two
components of this system became operational and
- " effective within twelve mofths of their_inception. .
- .The assessment component proved tp be mdre
drffacult to put into effective operational
format. - s

The ph1losophy regard1ng the assessment component .
was in‘concert with criterion-referenced testing.

. To%develop the necebsary test items for the :
objectives that were' developed during the previpus

. . year, a copmttee of teychers was commissioned )
- to create g bank of ijzcitems or questions. These .,

.iest items would ther/be used to tast for student
mastery of the speci4ied objectives.| -After the
test items were developed. they were|organized into

packets or groups of ‘items which werk considered
to be most™likely to be tested at the same time.
- ., The original intent was tp have these packets

s - printed 3nd made; available for use'for all teachers
with a1l their students. The high icosts of
‘printing prevented, this particular strategy. In
Tieu of this procedure, tests were placed on ditto
masters (of a one-shot basis) and as many copfes

* cof the tests as possible were distributed to the

_Minimum turn around

- 1

grouped for a particular test were not necessarily
the exact ones a teacher might want to test since
the objectives could be taught in different [
sequentes depending on the needs of the student.
Secordly, after the first year of use, the supply
of test was depleted and were no longer available
for teacher or student use. . . -

‘ R
The need for a more flexible and economically
available method of reproducing the criterion-
referenced test 1tems was apparent. Flexibility
was necessary in terms of grouping test items,
number of test 1tems per bbjective, number of - -
test items per test, pre-tests and finterim -
assessment tests. A readily*available method of .
reproducin? the tests was necessary ‘in terms of : .
quantity of tésts required, various purposes of .
testing and economy of. reproduction.

It was to meet these needs and maintain the =
criterion-referenced portion of the mathematacs .o
curriculum that CREAM, acronym for Computer '
Referenced Evaluatidn and Agsessment in Math-
emat1cs, was developed.

DESIGN £RITERIA AND SYSTEM DESIGN '

The design cr1terqa for CREAM was developed
under the direction of the Mathematics- Supervisor.
The initial requirements of the system were

. rélatively simple: provide a’method for storage ° .

_ and ret ieval of tkxt-type information. In
add1t%2§__59veral parameters for format of input

1 2

and .outPut were tab11shed For example, it ,
was decided that only short answer type questions
would be used (muitiple choice, fill-in, true-
false). Maximum item (question) sizes were
established as well as output formats. In the .
final (but tentative) design,the system would .
operate as follows.- For each grade level, a = . oy
bank of 1tems would be established. This bank: ’
would contain approximately ten questions per . '
objective (roughly 100 objectives per grade) = .
although. the actual number of items per .
objective could vary from objective td objective.
When a classroom teacher decided to test a class, 3
group of students, or individual student, he/she .
would submit a form specifying the grade level
-and the number of items desired for each objective
requirdd e.g. threejitems in objective 2%, seven 1
in objective 32, etd. The computer would then
randomly_select from its item banks, items to
fulfill the stated rlequirements and output a test
on a "ditto" master eady for reproduction.,
ime was an important desxgn K
criteria. It was also required that a teacher be ~ -
able to retrieve alternate forms of the same type L
test. (different questions for" the same objectives). \
The task of systems design was then turned over
to the Data Processing Manager. L
’1

File slructure and access’ techniques were the
first {tems considered. The restrictions imposed
by the limited hardware (IBM System/3 Model 10) .
were ofi major consideration. After several '

iterations, it was decided that two files would be

used for the item bank. The primary, or main data .
file wodld be direct random access and contain the -

. . tegchers. Teacher reaction to these tests was actual item text. This file would be "mapped" by
~ guite positive. However,certain problems arose. a second file which woul¢ provide retrievatl .
© Most importantly, the objectives which were information for the main file. This procedure wil} 0’
. N N ' ' v T >
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_ (ITEMMAP) is cre

"“and where to f1

be described in more detail later. .

The next phase of design was the selection of

a programming language. FORTRAN was nitially
selected due to the Ipgical type operations

which weré necessary ineitem selection (random
selection of a specified number of specific

type items from a larger group) as-well as
character string manipulation. However, the
mefficiencies of System/3 FORTRAN soon caused .
the Timits of our hardware to be exceeded (we

were working with 16K of main’storage). The
system'was then canverted to RPG Ii (the System/3's
most efficient h1g§4/§xé% language) and jt has
evolved 1n that epyironment. This choice did

pose some techntral problems, however,,we were

able to write the softwarg without thi éxpense of

a hardware uggrade. Specific techniqlies used '
the coding w|11 be described under "software
design.. Thea selection of RPG Il did offer some
substantial advantages. Its ease of file access
and 1ts facilities for table and array handling
provided the ability to write the main test
generator.ut1lizing less than 12k of maiwn stor-
age. The entire system will run on a System/3
(any model) with 16K of main storage, 96 print
position printer and one 5440 type disk drive. It
can, n fact, be run in 12K, however, the

required overlays significantly downgrade system
throughput.

MY

< - SOFTWARE DESIGN

As previously mentioned, two files are used™n
the bank-retrieval system. They are created as
follows. The text file (ITEMBANK) is loaded from
a umt record devi Each record. contains the
text of one 1tem aJong with the objective sumber
to,which the item fapplies. The.record length of
thys file 1s 190 pytes. A1l but five characters
ate availa forf text and control characters,
{control cg:$3$ rs indicate format considerat-
1ons such as sktp a line, suppress spacing, end
of 1tem. etc.). |After this file has been loaded,
1688 sorted inth ascending order by objective
number. At this}stage, the item map file

ted as follows. The main text
file 1s processeff and the records per objective
nurber are counted. A record 1s wratten in
[TEMMAP containipg the jobjective number, the

[n\d

.number of 1tems Found in ITEMBANk for that object-

1ve, and the {'reflative |record number" or relative
disk address of fhe finst item for that obJect1g/
1n ITEMBANK. THerefore, by accessing a record
in [TEMMAP (which is Indexed Sequential with the
objecfive numberf’as the Key),~the system "knows"
how many ‘ftems ¢Se stored. for that ob3ect1ve

the first one.

The system evol ed in“a mathematics environ-

ment which is p ss1bly the most difficult subject
{along with chemistry) which could have been .
chosen. This is true due to the special signs

and symbols as well as the use of exponents,
substripts and superscr1pts. To accommodate these
features, a-ty&ﬁ "subs' or mini language was .
constructed. Ih actuality, it 1s more a format
discipline than a language. Exponent1at10n. for
example, 15 achieved by writing the base, skipp-
ing a line (*), and then writing the exponent
after counting the appropriate number of shaces.

3%7?

<«

This has proved a most viable'method of handling
this problem. In this way, long hand addftion,
subtraction, and multiplication examples can be
constructed 1n\the traditional column format and .
Ye can even cregte such symbols as long division
/

Returning to the ‘item selecfion process, items
are selected randomly from the group for the
specified objective. The random number generator
1s of the "power regidue” typé and generates
evenly‘d1str1buted cimal numbers on the
interval 0-1 (approxipately), The procedure for
1tem selection 15 as fQllows. Let us assume that
the request which the machine is currently
servicing calls for three items from-objective
number 37. After proper edi1ting.has taken place,
objective .nulber 37's record is accessed in .
ITEMMAP. The system determines from this lookwp,
the number of items which are contained in
ITEMBANK for objective 37 (assume 10) and the
relative record number the £irst item for
objective 37. {assume $67).. The program now
invokes the random number generator and retrieves
a decimal number (8 places) on the interval
0-14{assume .87325951). ({Actually,|the interval
for ‘the random number is 0-.99999999 since

only decimal positions are allocated). WNext,

the random number is multiplied by the number

of items contained for the objective, the

decimal is truncated, and 1 is added to this
product g1v1ng the item to be selected (.87325951,
X 10 = 8; 8+ 1 = 9 ie. select the rinth item

'for objective 37) The system now must find the -
position{relative record number) of this item. °
Well, it "knows” the position of the first

item for object 37 (567). It -simply adds 8 to
this giving the position of the desired {ninth) *
record (567 + 8 = 575). (The reader may ponder
the necessity of add1ng 1 to the product of

the random number and number of items and then
subtracting 1 to find'the relative record number.
In actuality, these self cancelling steps are

not performed by the machine and are inctuded
here for the sake of clarity.) Now that the , °
relative record number of the desired item is
known, it can be quitkly retrieved. However,
«first 1t is checked against a "memory" arﬂ%y to
determine if it has been used already in thisarun.
If it has, the program returns to the random

| number generator and computes a new item number.

If it has notebeen used in this run, {dt is .
recorded in the "memory” array (so it will not
Be used again) ahd the text is then retrieved.

Al that,remains to be done is to format the
selected item for output and print it. This is
accompl ished by s#mple character string
'manipulation as gdided by the imbedded control
characters. Several ediiting considerations
take place such ds assuring that a given test
item does not cause page overflow (having a
question split ovdr two pages may causg sufficient
confusion to a primary grade youngster as td
invalidate thé item). The item is then printed
and the system returns to select the next iteni
(in the above example twer more items from object-
ive 37 must be selected. It will then process
the other requested objectives if any}. Further
deta®ls concerninq the actual code may be
robtajned by contacting the authors.

. o, ' nr/‘x
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= BELLS AND WHISTLES

" The procedures ouﬁ]inéd above represent a basic
. CATC system. Th
that may be undertaken based on the needs of the
individual user.
. in this section.
1.

e are several enhancements

Some of these will be described

Machine Scoring - The logical extension of
‘machine generated tests is machine scoring.

The computer ¢an easily generate and store
an answetkey Ton each test it generates.
This key.may be used in conjunction with an  *
optical mark reader to Supply complete
scdhring and analysis services,
Item Validation - Once machine scoring has
been impiemented, analysis of the test items. .
may be undertaken. The most popular
Lype is the point-biserial correlation
technique in which the validity of multiple
choice questions may be established. This
type of data is extremely useful in up-
dating the item bank.
Student Progress Profile - Another off-shoot
of machine scoring, students' progress
through the curriculum may be charted and
-fed back to the student, parents, and tea-
cher on a periodic basis to aid 1n identify-
1ng strengths and weaknesses. \A variety of
siymilar types of computer managed instruct-
jon techniques may be employede.g. student
recerd keeping, identification of curriculum
deficiency areas, etc. .
Multy-entrant Selection Criteria - In the
system outlined in this paper, only two
selection criteria were employedi.e, grade .
+ level and objective. °It-is possible how-
ever, to build a hierarchal structure of
selection criteria which may be entevred at
any level. For example, let us assume that
a colrse curriculum.is a continuum through
four text books. A selection scheme could
be established such that a teacher might
request a test in certain objectives.
Alterndtely the request mght be for a
chapter or group ¢f chapters which may
contain many objectives or perhaps a umt
which contains several chapters, or a Qggg
which consists of many units. Finally, a
request for a test on the entire course (a
final exam) might contain questions on all
four books for that course. In this-case
the hierarchy from lowest level to highest -
wouldsbe oijective within chapter within
bopk within course.
[tem Generation - In the system &éscribed
above, ,exch item had to be individually
developed. That .is, if ten items were
* desired for an object11e which stated "the

student shall be able to add a pdir of two
digit numbers", thén ten examples of the
type 34 + 79 =.? would have to be written
; and entered into the fank, The, reader will’
¢+ no doubt recogn1ze that if the gorm of tbe
titem {x + y =-?) were jestablishéd, then, the
computer cquld randomly supply values for x
. and y. This would grdatly ease ,the burden
| of ftem preparation as' well as provide an
L almost limitless number of jtems. )
.| Other Disciplines - The techniques déscribed
}herc1n can be applied to many other subject

.

g

-

.

areas. In fact, hany disciplines Jend
themselves far more easily to CATC than does
mathematics, chiefly because special print
characters and symbols may be eliminated.

Any subject which has quantifiable sub-areas
{such as behavorial objectives)'is a
potential candidate for CATC. %

ouTPUT

The primary output from the system is of course,
the generated test. This is presented to the
requesting teacher in the form of a "ditto"
master or rexograph stencil. In one mode of
operation, the sys:;m also prints the answers

to the questions irf the right hand margin of .
the stencil. The teacher may then "run off"

one copy of the test with answers, place a strip
of tape ofer the answer column, and then
reproduce the test for his/her students. An-
other type of output consists of a "dump" of a
section or entire contents of an item bank.

This is used by teachers in determining whether
or not the system contains the type of quest-
ions which he/she needs. In addition 1t serves
as a yehicle for deleting, adding, or changing
items in the bank.

. While not machine generated, another set of

material is helpful. This consists of a booklet
of diagrams and illustrations. CREAM is not
currently capable of outputing these types of
graphics. The solution to this problem is-to
veference an illustration or diagram in the test
item and provide the student with the required .
pages of the graphics booklet. This is extremely
useful.in subjects such as map study. art, music,
reading comprehension, etc.

Figure 1 shows the coding of a test item for

entry into the system and 1ts formated form.after
output.

Figure 2 is a page of generated test output. Note
that the request parameters (number of questions
and objectives with the first }ine being .the
number of questions. for the objective beneath

1t on the second line) are printed at the top
of each test.

~——
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A MAN-MACHINE SYSTEM FOR KAPLD GRADING OF SHORT QUIZZES * . +
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ABSTRACT. Freguent short auizzes provide valuable feedback for both teacher and students and also
encourage students to keep up with homework. In a system devised by the author, students write quizzes
on punch cards. The quizzes are graded by a human who inspects the students' work and places each card
in an appropriate stack. This allows“qrading of the students*~methods as well as answers and the
aiving of partial credit. The sorted cards are computer processed.

possible human gradigg of students' complete work at @ rate exceeding ten auizzes per minute. This

By taking over.all of the paper shuffling, marking, and recording 'of grades, the computer makes
may be a desirable alternative to conventional machine grading.

%

INTRODUCTION will be similar to a randomly selected home-
’ work problem, he must do all of the homework
1f one surveys controlled experimenta- to prepare for it. Of course tt 1s of no use
A tion in education, it soon becomes apparent —to copy another students' homework. .
that the vast majority of studies comparing y I
one instructional procedure with another _ . Even short quyizzes can take a lot of time !
_report no significant difference between to grade if one has very large numbers ©f
. them. There 1s one striking exception. students. Machine grading, however, has
v _Many experiments have indicated that frequent several disadvantages. It is difficult to make
quizzes are effective in improving student up a good aquiz of the multiple choice or some
performance. other tybe which can be machine graded. Also,
: ) 7/ auizzes are valuable feedback for the teacher , °~ -
/ Or. 8. C. Durkeé summarized her exhaustive as well as for the students. ' It is important
) review of the 1iterature on cuizzing by stating that the teacher actually see ghd analyze . e
"Most studies appear to support frequent test- [ students' written work, so thdt he can see wgat k
: ing at both high sthool and- college level errors are beina made and de¢ide what sort o
and in a _number of subjects including mathe-, ii help his students need. Alsf, I feel.that most
’ matics."1 Her oWn study done on colleae level of my colleagues Wpuld agree; that it is very
| algebra students revealed that when students : desirable to g1ve\§art1a1 crpdit for correct
were given frequént aquizzes their performan precedures which y eld wronq answers due to ’
/ was improved by a difference which was signi- minoreerrors. This is (as far as 1 know)
ficant at the .D5 level. . M . beyond the preseat capabilifies of machine \
, oo . . « arading.
These findirds are certainly consisten - . '
with both common sense and psycholoqy. We : THe rema1n$er of this ‘naper describes a
- would expéct that students yho study regulafly ¢ system which allows a teacher to grade short ,
and keep up with a course, w{11do better. auizzes at a vepv fast rate by having a computer - -
Freauent quizzes should encdqurage this. They take ovér all of the time-con$uming paper shuf- . .
also should providé valuable, feedback to' the flina, marking,lland recording of drades. .
students, allowing them to correct misconcep- ./ N
tions, discover weak areas, and ffocus.attention . lot .
on the most important areas of a subject. Very . !
short quizzes are sufficient to accomplish - !
these objectives if they are freauent enough. ORIGIN AND*NATURE OF THE SYSTEM ' .
If, for example, a student expects a quiz which . . \ ‘
: d The svstem|grew out of efforts to increase
l ' . efficiency in arading ouizzes. I was convinced
I"6.C. Durkee, "A Study of the Effects of Three | that much of thé time required to grade a stack
Homework Procedures on Achievement in Col- . of ouizzes was dpent in simply moving the papers .
lege Algebra” (unpublished Doctor's disser- around. Signifilant additional time was spent ’
tation, Arizona State University, 1972}, - . making marks on lthe papers, computing scores, :
p. 20. : and writing the Ecores on the papers. [é_._\\y‘ 1
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for this type of auiz grading.

™~

The first step in improving on the situa-
tion was to have the students write their
quizzes on 3 by 5 cards. The cards were much
easier to handle than papersy and their small
size kept me from making the’ouizzes any lonaer
than necessary. I could gqrade these auizzes on
cards fast enough that I became frugtrated by
the necessity of pausing to write the arade pn
To save time in doing this I began
3imply sorting the cards into stacks according
to their score. - When finished gradina a quiz
1 would have a stack of A's, a stack of B's,
and so forth. By this time it took me as much

. time to record the grades as it took to grade

the auizzes. I soon realized that a computer
could do the recording for me :and also combute
summary statistics. .

Computer processing has proved invaluable
For the last
two vears we have been using the arading method
at a small campus with no suitable combuter
facilities conveniently available. After pre-
viously having used a computer, the use of
human labor for this work was, in cgmparison,
most unsatisfactory. -A &tudent helper recorded
grades, and she was not always available when
it was most convenient for us. Consequently

it was difficult to get good turnaround time.
The, -mere recording of the euiz grades for our
larae sections of freshman algebra students was
very tedious, and of course totals and averages
had to be computed by hand.

We are now using the computer at a nearby
technical school to process arades. Initial
costs were no higher than for the student
helper, and we_exbect them to decline with |
increased use of the system to the.point where
they are considerably lower than for human
clerical help.

1

cards for additional quizzes from
the same cTass as those preceeding

DETAILS ON USE OF THE SYSTEM

The student ouiz cards are each punched
with a student identification number. They
are punched in reverse so that the number
anpears on the blank side of the card. At
the-beginning of a coyrse each student in a -
class is assigned a number and given a supply )
of cards 'on which his number has been punched.
By aiving students only a few cards initially
and bringing a box of additional cards to class
each time a quiz was aiven we have had no
dificulty in getting students to use correct
cards in sufficiently aood condition for a - N
card reader to process.

Fach student writes a ouiz on the blank
side of @ card with his number punched in jt.

" “To orade the ouizzes one simoly inspects each
quiz card and decides what' grade is to be
assianed. Nothing need be marked on the card.
Each card is placed in an appropriate stack.
This sorting process is very rapid. It is not
difficult to arade 100 short outzzes in ten
minutes. When thé sorting is complete a,

7 “qrade card" is placed on each stack which tells
the computer what arade to assian’ tq the
quizzes in that stack. The stacks are then
assembled into a deck which is preceeded by a
"ouiz card" indicating the number of the quiz.
One or more of these ouiz decks make-up a deck
which 1s nreceeded by a “c1dss card" which
identifies the class. An "end of class" card
follows the deck. Finally, ane or more of
these class decks make up the input for the
program. An optional "school card" identifying
the school may preceed the rest of the input,
and we use and "end of school" card to bring the
program to an ordérly termination. The
following is a graphical illustration of the
deck setup for input: = -

L.

A4
. more arade cards and student
" auiz cards for the same ouiz - .
. _— [l -/ as those preceedina
4
) ‘ grade card I students' ouiz cardssto be .0
’ - agsiened the arade indicated
by the grade card immediately : ‘ -
class card : preceeding . :
~ school card g . , P
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The printout from the computer shows each
student's score on each quiz to date. It also
shows, the total number of points accumulated by

.each student and his average and percentage.

We do not mark on students' auiz cards or return
them to the students, but rather go over each
quiz as soon as the cards are handed in. The
students estimate the grade they expect to
receive on the quiz and make a.note of it.

/.
\\ » ! , ’

fied by number only to preserve confi¢éntia1ity
of grades). If a student does not find his grade
to be very close to what he expected he checks
out the reason with the instructor. We keep the
auiz cards on file until after the course is
over. He also, keep the grades stored on a disk
file in case the cards might be lost and to

avoid having to read in the same cards more than
once. A sample of output from the program

Every few days we pass around a copy of the appears below:

latest printout {on which students are identi- \\ ' ’ v
\ »
9 - .
" WILSON 101
5 . .
. TATAL AVERAGE PERCENTAGE semescourememssFCORES ON ALL NWUIZES .
. : 1 2 3 4 5 & 7 8 910 13 12
STUDENT NUMBER 1 26 289 58 , 4 3 A 1 5 1 1 3 * -
STUDENT NUPHER 2 39 4¢33 87 5 5% 3 5 5 3 3 5 .
STUDENT NUMRER 3 _ , ‘
, GTUDENT MUMBER 4 39 4433 87 Hh.5 % % 5 § & 4
STUDENT NUMHER 5 . -
STUDENT MUMHBER 6 0 - 3433 67 . . 5 4 5 3 5 3 S5
. STUDENT NUMBER 7 ?3 2456 51 5 0 {1 & 2 5 3 ? 1
¢ . STUDENT NUMBER R ?6 24829, 58 3.3 5 3 ‘2 .5 2. 3
STUDENT NUMRER © 9 ’ ] : Y,
STUDENT NUMBER 10 33 . 367 73 3 £ 5 5 5 1 3 ¢ V4
“STUDENT NUMRER 11 37 4411 - 82 E 4 5 5 & 5 2 2 & .
STUDENT- NUMBER 12 32 3456 71 5 5§ 3 &4 5 3 2 1
STUDENT NUMBER 13 .
STUDERT NUMBER 14 . ~ ’ A .
STUDENT NUMBER 15 a9 4433 87 5 5 5 4 4 5 & 2 &
STUDENT NUMBER 16 .
STUDENT MUMBER 17 * 35 3489 78 3 5 5 4 3 5 3 2 »
STUDENT NUMBER 1R . “ o
NeodSENT NUMBER 19 32 3466 % 71 5 "4 3 R 5 5 &
STUDENT NUMBER 20 ' . )
STUDENT NUMBER 21 | 30 3433 67 5 5 3 4 5 5 3 )
STUDENT NUMBER 22 . N
. STUDENT NUMRER 23 " 30 3433 Y 5 5 1 3 5 3 3 & :
STUDENT NUMRER 24 : : A ‘ I
STUDENT NUMBER 25 19 4433 87 3 % & 5 4: 5, % 4 3 '
STUDENT NUMBER 26 ‘ . : - . .
STUDENT NUMBER 27 39 Y 87 3 45 55 5 35 4
STUDENT NUMRER 28 ) -
STUDENT NUMARER 29 33 3467 73 \,5 4 5% & 5 5 3 2 ¢
STUDENT NUMBER 30 . .
STUDENT NUMBER 31 '} 4456 91 5 & 5 5 3 5 4 5 5
STUDENT NUHMBER, .32 : , . PO
STUDENT NUHNBER 33 43 4.7% 96 5- 5 5 4 5 5 4 5 &
- D STUDENT NUMBRER 34 27 3.00 60 \ « 3 0 1t 4 3 5 & 2 5 v
STUDENT NUMBER 135 39 4.33 87 35 5 3.4 5 5 4 & 4 . .
STUDENT uungév 36 33 3467 73 3.2 5 & 5’ 5 & 5 .
STUDENT NUMBER 37 30 3.33 67 - 3 1 3 & 3 5 &% 3 &
STUDENT NUMAER 3R . 38 3467 73 5 5 4 2 3 5 & 2 3 ’ .
STUDENT NUMRER 39 , ' ,
STUDENT NUMBER &0 .38 4422 84 5 5.3 5 5 5 & .;_f 4
e . ‘ . [ ’
‘. £ f) \ < ‘
' « A .
\THE PROGRAM

‘
. . - . |

ing an appropriaté auiz card, grade card, and
student ouiz card in the input for the next run,

Jhe program for the system is auite simple
and straightforward. It allows’corrections to be

A flowchart of the program appears on the fol-
made of grades on the disk filé simply by insert- lowing ,pages, and a sting is avdjlable N
. use. |

o upon reauest for non-commercia
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\ - o '/ ., ALLCOMBS :
R e A SYSTEM OF COMPUTER+ASSISTED TEST CONSTRUCTION EOR ! /
- . . \
. € - ALL COMBINATIONS OF  QUESTION CLASS‘IP\ICATIONS j 3 . )
_//l . . I3 . -~ l N ) :\ N »
_".J . - ) " Joe H. Jones ¥ N - (l, ¢
/// < ' . . *
PR . Texas Christian University, Fort Worth, Texas 76129 . ," NS
- [ * . P - - Y N €
. y \ ) . T, g ‘ ‘ " .
' e . N coe . ¢
< ABSTRACT: ALLCOMBS is a compliter system of test constructipn for any 'printer-composable question set re- ,
trievable on any Boolean combinationfof unrestricted question classifications. Free-format entry of : .
variable- length records is u edfin file construction and retrieval for maximum system generality and
. P ease of user access. Question ¢l sificatiogs are designated in unlimited character strings without ref- , . .'
erence to a fixed classificarion 3t or hierarchy, and as a consequence, questions can be classified wi e .
" qualificatdons permitting multiple” applications of any givén file. A user option providing for exclusién
R of questions previ(usly offered ap individual student or class allows for unique ret-examination as re=- .
uired in: \:ompetency-based instruction. 4 . . A
" . C _/, € -t s . <,
% "* I. Introduction to Co$u&r-kssisted Dominantsdesign critéria for ALLCOMBS have been P,
Test Gonstruction and ALLCOMBS 4* , system generality', flexibility, and ease of user
- ) \ éccess. The ‘system is general in that it will com- .
' “*. ¢ This*is a description df a eystem of, cbmputer- . pose all question format types such as multiple '
= * * assisted te$f construction undergoing implementa- choice, true-false, completion, and essay questions ‘.
tion at Rexas Christian University. As is sug- retrieved op the basis of any combination of ques-
gested by, the "system, rqwm, ALLCOMBS, this sys- tion classifications appropriate to the needs of s
tem offers some generality in zetrieval and compo- the individual acatiemic disqipline or individual °
sition og{éll compinations of questfon types. user. The system is flexible in that question for- -
' * N ’ . ' mat types and classifications may be expanded oxn .
Programs of campdter -assisted test construe- contracted Selectively on an existing file and ret-
. tionm, CATC,.have been under deVelopment' for ‘the ‘ord dimensions may be adjusted the spagt require-
. o last decade. Successful”applications of test con- . ments of a given sydtem installgion'. Edse of user, '
struction systems have been described at: the Con- cess is proYided for by a‘free-format s
‘ .ference on Computers in the Undf, ggaduate Curricu- f{le entry and retyieval; the e,charfsive
lum since the initial meeting pf this annqal con~ nostic (error) messages, anf the accep ance of ”
, ference in 1970. Special intesest conferences on verbal system parameters in file cons, ruction and .
. v Computer-Assisted Test Construccipn, meeting in retggeval. ° ° O
[ 1974 and 1975, 'havo 2 f £dfmed an increasing intér- . < e g ‘.
1 est in questions of «CATC implemem;ation. » There are ch&ces made in any system design . .
- N [ which amount. to trade-qffs between desirable attri- %
o Two primary sources in the grofessional litera- * butes which are.potential in the sysBem. In the *
ture odfer overviews of the extensive gecéptance of ALLCOMBS system, the election of ¢ombinatorial gen- N
CATC in a diversity of {esting eﬂ‘\"irémnts.. The erality in specifitation of question clgssifica- °
first of these sources is the March 1.97'3 issue of tions forfefts certain,afficienciespof file organi- . -
. the Journdl ‘&f_ Eddcational Technology )1 is de- zation and retrieval whicl+are Rics @le for very
¢ voted to' the topic of test construction,, “The most” large files, At the other limit, the compositional
recent, comprehensive source is the book Computer- ! generality of ALLCOMBS imposes a system of record .
' Assisted Test Construction edited by Gerald Lippey taggi searching, artd editing for prfnt composi- s
, and published by E,ducational Itéchnology. Publications tion ::I%».meoessary proc;ssing burden for .
<. o in 1974, .\"\,4‘ simplified, fixed-format printer reproduction of

’

ilie summaty view offered here ip_ that ‘the effi-
cacy of CATC systems has been dstablished and that
further development offers the prospgct of increas-
ing applicability and effictency. . The ALLCOMBS
system to be.presented here has evolved ir this coh-
text oi CATC deuelopment as a generalized and flex-
ible system of test construction explicitly designed
to iacilitate Aady access to CATC by the” individual
user. .

o

'ci;nt for a large central range of a

\

. exaninations. .

v +
3

atiofs 'of N
computer-aasisted test construction. \7 hin this .,
‘. fange, there is suffici?\t latitude to'.pemit the .
*user to.begin file development gnd ret‘tieval at'd R

The ALLCOMBS systém is appropriaé‘IEd effi- - -

implified level which ¢an extend in tophistication
Al.th the increasing needl and experience of the
' L .

ule‘r .




IT., ALLCOMBS System Qutline

I 4 ~
. < .ALLCOMBS is written in FORTRAN IV for batch- ,
mode execution on computer systems utilizing _* .
E3CDIC character resentation in 32-big words,
+ the hardward desﬁZ;pof the IBM 360/370, the Xerox
i Sigha 5/7/9, etc. Initial input is punch card
to tape or disc files and output is by line printer.
ALLCOMBS is executed in one mode for question
editing and file development and in another mqde
forxquestion retrieval and examination composi-
. tyon. Subprograms are shared by the two modes of |
. execution and dre designed to be resident on the
Q‘Q computer system disc file, or other intermediate
storage, subject to’sall by the individual user.
ihese resident programs permit users to donstruct
S and access exclusive individual or conﬁnn examina‘%&
tica riles. It is not anticipdted that ‘assistance
ol protessional computer persomnel will be required-
tor routiné file development or retrieval with the
system, R ?

v »
.

Examination questions are prepared on punch.
cards by the user for diagnostic editing and subse-
quent, transfer to magnetic tape or disc files. Y

Each block of records constituting a question gntry
is conpoeed of a permanent file number, a classifi-
‘cation record, a question record, an answer record,
and a source recosd. The classification record is
any set ot verbal, numeric or alphameric fields se-
lected by the user for question classification.

r The questonerecord 1£‘any combination of main par-

agpaphs of verbal text, response paragraphs for

multiple-choice questions and any literal character
strings utilized for composition of *bLank response
lines, tabular displays or line-printer gyaphics.
The answer rédrd can contain a fingle churacter
designation of a correct response to a multiple-
choice or true-false question and/or a full solu-
tion or explanation of the correct response to any
question type. The source record carries any appro-
priate designation of the saurce of the question in

t- -

) -0
Ia the diagno'stic mode of .system execution, a
> trial composition is made of each question, 'the com-
¢« ° pletion of essential fields and records is verified,
d and storage limits for variable-length records are

tem instillation. The complete block of fecogds for
) each question is printed in a hardcopy file to be
< , werified against the original source document.’
After diagnostic editing, a given set of Ques-
. ¢qtions is added to thq existing question file.- File

" . 4 dynamically to include any new classificatiols in-
4 troduoed, the question and answer records are en-
- &rypred”for file security. and the file is updated
7 in all respects for subsequent rétrievaI
Tg}access thesh question ftles, the user pre-
pares.an examina€fon roquest which eccessesaALLCOHBS
in résricval and composition hode. In exd4mination
-retrfhval angd composition, the uaer may select op- .

‘ Rl v

1bbreviated or full bibliographic style.* = K

tested against parameters selected for the given sys-

. fregerences to question olassifications are exp&nded :

T the key £or "each -exdninat{gq.” -\ .

«s” Lions in rega:d to designation of exaninees‘ exaqf~
natioﬁ contenc and axAmination cnmpositioa or lay-
‘out. N :
T T o » . S
" ' ' . ¢ ". *. ’fJ' ‘Y.‘f ‘( sy

By appropri
examinees may b nated as all students listed
on a given claSS roster, Alternatively,rexamina-
tions can be prephred for students who are individ-
K lly named, or peltiple examination copies can be
. prepared for students not designated by name.
Content of the examinations may be selected by
a combination of options which specify inclusion or’
exclusion of particular questions or question clas-
sifications. Additionally, the user may specify
exclusion of those questiéns which have appeared .
previously on examinations given té a class or to
individual students. -

‘re Eerence to a separate file,

r

Individual questions may be designated for in-
clusion or exclusion by reference to the permanent
file number of the question. The user may make this
reference explicitly in the examinatipn request by
approgriate entry of the question*file numbers. Tho
separate file of the class roster ¢arries the re-
cord of previous gxamipations by question file num-
‘ber andiselectigR_of an examination containing all
Tiew questions for students in the class makes im-
plicit exclusion of the questions which were used
previously.

°,

The most general and flexible specification of
examination content is by question classification.',S
Examinations can be composed of any number of Ques-/
tions from any number of question classifications !
in any combination specifiable by the logical pr .
Boolean operators .AND,, .OR.., .NOT., and .EOR.
(exclusive *'or'). Within the question sels select-
ed by question classificatton, questions jre se-
lected randomly from those meeting criteria set
in regard to these ¢lassifications and to the unique-
ness of the "question set. The selection by
tion classificgtion can consist of a singl

is to be made,
complex as may
~on the given ¢

Options for co ix
legtion of the number
printed across a page of variable
ALLCOMBS wtll print any feasible speci
one through six question columns on a line of +22°
through 132 tharacter's. Line breaks in the ques-
tiop text are generated automatically on the blank
or hyphen ntarest to the columnar’limit. A system
default to full-page layout ensufes that quostion%
with lengthy literal strings will be printed.

len%th;

v

n

As implied {n the previous description for ex-
amin&pion selection, the useY may dpecify a unLque, 4
examination for each student or a common examina- }
tion for all students, In examination copposition,
the user’ may qpecify random reordering of questions
on a common exakination. . s - . -

- 1]
exanination key is prépnred for.each exanina-
.tio¥ which {s unique in questidn content or ‘order.
Fér & compon exapinacionin idencical orfer for all
scudenta, the user nay elect eiihpr to print one key
for the ‘comman examination or :ndivLﬂual copies of

o‘»
ks'an-addirjonal tpt}dn of compositlon, the us‘Tr—-—w
may‘print unique instrucxlons‘on eath exam set. : .

¢ - et P




I11. Introduction to Data Préparation for ALLCOMBS

The organization of question files and examina-
tion requests for ALLCOMBS is based on the subdivi-

sion of data into fields, records, and record blocks. _

within the question text,
made to th
into question main paragraphs, multiple-choice re-
sponses or subparagraphs, and literal strings of
characeers. ) e

more direct referentes are

Excepting the fixed field designated for the
permanent question file number to facilitate card
handling, all fields, records, and record blocks
are punched in free format with special characters
used to denote data divisions. Data divisions may
begin in any card position and entries’may continue
without regard to the physical break between succes-
side cards. Column eighty of a given.card and col-
urm one of the succeeding card are interpreted as.
adjacent pu.ch positions and the user may, conceive
of the input medium as a continuous tape.

within Shqh: data divisions, literal records are
utilized for se compositions fo which automatic
. line breaks based on blank or hyphen separation
would be inappropriate. Literal records are uti-
lized for such purposés as composition of tabular
displays, reproduction of line-printer graphics and
statepent of mathematical expressions. Additionally,
the u$er instructions for an examination are repro-

duced
M

with the &xfeption of ‘these literal records, .
leading blanks are accepted within all data divi-
sions and trailing blanks are atcepted in all but
numeric fields. Given this system of free-format
data preparation vhich accepts leading and trailing
blanks, the user can organize data decks for maxi-
mum personal convenience and readability. The
principal obligation of fhe user in preparation of
question files and examination requests is to ob-
serve cextain minimum conventions of record desig-
nation and ordering.

o

Excepting some more elabordtg tabular and
graphic.compositions, question files typically can
be ‘prepared directly from original written sources.
Keypunch forms are neither required nor recommended.
The free-format conventions of ALLCONB% permit the
user to Woricentyate on content rather than forn,

.

Es

Procedurah for preparatLon of question files
and- examination requests are presented by’example
in the following two- sections. The presentation is
expository and exglicbcly avofds some formalisms of

> outline ard definition more appropriate to a tech-
- nical referenceé documbnt.

o

-

.
o

v, Preparation,of Queation Record Blocks

A}

: JIllustration 1 on the following page shaws an
exasmination format which could be obtained by se-
lection of two columms of Juestions to be printed
on a seventy-character line. The questions have
been chosen to illustrate the composition of
amdtiple-choice, completionh truc-false dhd essay
. questions. Questions 1 and 2 also demonstracte the
. “application of literal character @'ings in ques:

tion composition, . . . print limit of the system for printing that single
e : . ‘ question. FUTTIR
. T . ) 358 . .
_ A —~‘ . { .; R - . “~ ' ) ~ -
-I st ’ * & [} ' re . . .* -
\[:IQ\L(: . L e 23 Y S i te

k rllurmmurvmc . I
- “

composition of.chese general subdivisions

rom a literal record without program editing, -~ ‘i DIFFICULTY EASY # . !

‘>

Illustration 2, shown on the next page following

Illustracion 1, shows card images of the four blocks
of question records which c0u1d have originated the
question file used for the retrieval in Illustration
1. Begisning with thie farst line tn Iliustration 2,
reading 75062804 # MULTIPLE CHOICE . , which
i{s to be read as the first card in the deck, each
print line in Illustration 2 fepfesents successive
cards in the original card file for the questions.

The four questions are identified by the four,
eight-digit file numbers 75062804, 75123008, .
16022703 and 76022756. These file numbers may be
any eighc-digit sety but as used here represent the
date-sequence of the question. The four pairs of
digits in the file number denote the year, month,
day and sequence durlng the day of the question
origination. Used in this way, the uniqueness of
the file number is more nearly assured,and the file | i
number can provide a basis for file aging by origi-
nation date.

Each record in the question record block is
terminated by a record mark; the record mark se-
lected here is the ampersand, & . The first record
in the block is the classification record which may
contain one or more verbal or codified classifica-
tion fields beginning with the field mark, # , the
numeric symbol. The first question classification
record contains # MULTIPLE CHOICE # FREQUENCY
DISTRIBUTIONS # etc., and terminates with

\ .
(A '

The next record is the’ question text, which
includes the responses to multiple-cﬁpice questions.
The question record of the first question begins
with # THE DISTRIBUTION OF . . . and terminates
with . . . BUT IS NOT GIVEN ABOVE. & . Main para- .
graphs of the question text begin with the field
mark, # , the numeric symbol.

Multiple-choice responses begin with the "at"
symbol,. @ , which {nitiates program assignment of . °
the alphabetic sequence "A.", "B.", etc.' The tabu-
lar material of the first question is composed in -
. literal character strings marked at each end by the
. "not" symbol, 4 . .

The criteria for selection of the symbols for,
data diyisions are that the symbols te unique and
. not bg/needed within the text to be placed on file.
F8r any giveh system installation of ALLCOMBS, the
« user may make any choice of data-divisioh symbols
wvich meet these criteria.
» VD
In composition, a Iine is skippad automdtically
before each main paragraph, before each suhpara-
graph used as a~multiple-choice responsqy and before
each set of literal character strimgs. IXnes are
"skipped™ between literal character strings by
printing an empty string w{ch the symbols: ~ .+ .
The composition routf;e centers the Qtteral
strings in any given question colusm on the basis
of the count of the longest string in tZF question °
record and Eeft-justifies all other litéral charac-
ter strings to this common origih. If a colummar
format has been selected which will not permit
printing of the longest string in a question, the
compositfon routine will default to the declared

-
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s . . Illustration 1 . . ",
( 1 THE DISTRIBUTION OF TEST SCORES 2 A PERSONNEL WORKER IN A CERTAIN : )
FOR AN EXAMINATION IS SHOWN AS: PLANT IS COLLECTING DATA ON 8 .
. s . ‘ EMPLOYEE ATTITUDES, SHE GIVES
L EXAMINATION SCORES THE FOLLOWING STATEMENT TO ,
. . EMPLOYEES AND ASKS THEM FOR A
- . RANGE NUMBER RESPONSE FROM THE LIST WHICH
P - FOLLOWS , '
L Looe 90 AND MORE 12 @_/ .
' 80 THRU 89 17 "I FEEL THAT I AM PERFORMING A '
- t 70 THRU 79 32 VALUABLE SERVICE FOR SOCIETY
60 THRU 69 24 *WHEN 1 DO MY JOB WELL." . %
] LESS THAN 60 15 - Y
. . 1 - STRONGLY AGREE
. . THE FIRST DECILE OF THE SCORES 2 - AGREE
IS¢ : 3 - NO OPINION -
. . ' . . & - DISAGREE .
A, A SCORE OF 90. 5 - STRONGLY DISAGREE .
- B, TEN STUDENTS. > COMPLETE THE FOLLOWING:
s/
B - c. cawor s DETERINED Fro VARIABLE NAME. . iussvvsness
THE DATA GIVEN. » -~ ¢
- ©  OBSERVATION UNITe,eeenevoee ’
. D. CAN BE DETERMINED, BUT IS .
\ . NOT GIVEN ABOVE, MEASUREMENT SCALE:eevvanvss
3 kit REFER TO GRAPHICS FILE - 4 IN USING SMALL SAMPLES TO TEST ) _' . "
ITEMLCT4/182, *viwk “ THE DIFFERENCE BETWEEN MEANS . -
. OF TWO.NORMAL POPULATIONS, THE
AS SHOWN ON THE SCATTER SAMPLE, VARIANCES ARE "POOLED:," -
- DIAGRAMS FROM THE GRAPHICS ) o
.or S, FILE, THE CORRELATION BETWEEY EXPLAIN WHY THIS PROCEDURE IS
COLLEGE GRADES AND SAT SCORES FOLLOWED AND WHAT OTHER TEST . -
& . . IS HIGHER THAN THE CORRELATION OF HYPOTHESIS IS IMPLIED, ° o
. * BETWEEN COLLEGE GRADES AND . ..
. . / CLASS STANDING AS A RIGH . (WRITE YOUR ANSWER ON THE BACK
- SCHOOL SENIOR. . OF THIS SHEET AND IDENTIFY IT .
. . ‘ . BY QUESTION NUMBER,) . v .
/ TRUE (OR) FALSE L * . ‘e . -
0 / ’ - ! [] e .' Y
L]
’ 4 . o . I . M - 1Y
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ERSONAL FILE # DIFFICULTY EASY &
# THE DISTRIBUTION OF TEST SCORES FOR AN EXAMINATION IS SHOWN AS:
1EXAMINATION SCORES~ +
1 RANGE NUMBERa 4 =
. 490 AND MORE ’l12a
. +80 THRU. 89 174 * .
270 THRU 79 32 .

. 60 THRU 69 244
. +LESS THAN 60 154
# THE FIRST DECILE OF THE SCORES 1S: @ A SCORE OF 90. @ TEN STUDENTS.
@ CANNOT BE DETERMINED FROM THE DATA GIVEN. @  CAN BE DETERMINED, BUT IS NOT G
IVE‘I ABOVE, & ANSWER IS D. & JONES PERSONAL FILE "& -

Y, 75123008 # MEASUREMENT AND SCALING # SHORT-ANSWER COMPLETION # DIFFICULTY MO
DERATE & < g .
# A, PERSONNEL WORKER,IN A CERTAIN PLANT IS COLLECTING DATA ON EMPLOYEE ATTITUDE ’
S. SHE GIVES THE FOLLOWING STATEMENT TO EMPLOYEES AND ASKS THEM FOR A RESPONSE
FROM THE LIST WHICH FOLLOWS. # "I FEEL THAT 1 AM PERFORMING A VALUABLE SERVICE
FOR SOCTETY WHEN I DO MY JOB WELL." !
X ¢ 4l - STRONGLY AGREE4 <2 = AGREEa +3 - NO OPINIONy <4 - DISAGREEx 5 - STRONG - ]
\J LY DISAGREEs # COMPLETE THE FOLLOWING:
w 4VARIABLE NAME............:.‘I “ 1 . '
T 9OBSERVATION UNITe.eeennnunen 4 4 v ¥
AMEASUREMENT SCALE...cc. v veen. & '
: ' VARIABLE NAME 1S EMPLOYEE ATTITUDE. OBSERVATION UNIT IS INDIVIDUAL EMPLOYEE. M
UREMENT SCALE IS ORDINAL. &
s RS AND PETERS CARD FILE, 1973 & .
- ,
. 760 2703 # EXTERNAL GRAPHICS # TRUE-FALSE # CORRELATION # DIFFICULTY EASY &
# Hckk* REFER TO GRAPHICS FILE ITEM LC74/182, ¥kick ‘ - -
# AS SHOWN ON THE SCATTER DIAGRAMS FROM THE GRAPHICS FILE, THE CORRELATION BETWE . - &
EN COLLEGE GRADES AND SAT SCORES IS HIGHER THAN THE CORRELATION BETWEEN COLLEGE :
GRADES AND CLASS STANDING AS A HIGH SCHOOL SENIOR. | .
TRUE & TCU ADMISSIONS OFFICE DATA FOR 1973 &

] .
) - g Illustration 2 — '
ety 75062804 # MULTIPLE CHOICE. % FREQUENCY DISTRIBUTIONS # DECILES. # JONES P :

N .
76022756 # STUDENT'S T-TEST # DIFFICULTY'HARD # THEORETICAL ASSUMPTIONS OF j
TEST PROCEDURES # POOLING YARIANCES # ESSAY ANSWER # TESTS OF HYPOTHESES
# TESTS OF MEANS # TESTS OP VARIANCES &
# 1IN USTNG SMALL SAMPLES TO TEST THE DIFFERENGE BETWEEN MEANS OF TWO NORMAL POP
ULATIONS, THE SAMPLE VARIANCES ARE "POOLED." . \ . . .
4 EXPLAIV WHY THIS PROCEDURE IS FOLLONED AND WHAT OTHER TEST OF HYPOTHESIS IS 1
- MPLIED. . o
# (WRITE YOUR ANSWER ON THE BACK OF THIS SHEET AND IDENTIFY IT BY QUESTION NUMB | : .
Ps ER.) & - :
© 7 DYDER THE TEST CONDITIONS SPECIFIED, THE STUDENT T (OR THE F-RATIO), TEST IS USED .
, AND INVOLVES THE ASSUMPTION OF EQUAL POPULATION VARIANCES. POOLING OF SAMPLE
VARIANCES 1S AN AVERAGING PROCESS FOR THE ESTIMATION OF THE COMMON POPULATION VA .,
\ RIANCE. THE TEST FOR DIFFERENCE BETWEEN MEANS UNDER THESE CONDITIONS IMPLIES A °
TEST FOR EQUAL POPULATION VARIANCES, & .
EXAMINATION FILE FOR GRADUATE_QUALIFYING EXAM IN STATISTICS FIELD. & ‘
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tion of main paragraphs and literal character
strings. Any number number of multiple-choice
subparagraphs may appear at the end of the recdrd

The question recoE can consist of any combina-

for printing 4t the bottom-of the question,.but theJ

number probably will not exceed five or six in
practice. ) . .

14

The answer record,- printed on the hardcopy ques-
tion tile and on the examination key, can consist
of any character set. In the first quest in
Illustration 2 on the preceding page, the entry
ANSWER IS D. & could have been followed by an ex-
planation of why this was an appropriate choice or

'uhy the other choices were inappropriate.

The final record is the* citation of question
source which {s printed only on the hardc0pf<ums-
tiou file. The source citation in the first ques-
tion 1n Illuseration 2 is duplitated by a question
classtfication vhich permifs retriaval on the basis
of the question source. A common application of a
source citatiou 1n the question classifications
would ne tlie composition of examiuations based on
.a given texthook.

Finally, each record block is terminated by the
cent symbol, ¢ . LUse of an end-block character pre-
vents the’cumulation of record sequencing errors
from bne question to the rext in file construction.

. 1
" Question 2 illustrates®the use of literal char-
acter strings for the unabiguous reproduction of
the scale -included in the question and for the.crea-
tton ot response lines of minimum length to be used
for answer completion.

Question 3 illustrates ¢ suitable flagging of
an external file required for a questign. Addi-
tionally, the question illustrates ,the use of the
“conditional" symbol, | (EBCDIC hexadeclmal AF), to
terminate the question record of a true-false ques-
tlon. This gymbol causes automatic generation of
the response line TRUE (OR) FALSE . Alternatively,
the user could haVe entered @ TRUE @ FALSE in
the question record as a multiple-choice response
to facilitate automatic grading.

Question 4 illustrates the fuller use of the
answer record for;the benefit of the grader or the
exalnee.

Control ot the editing and filing phase through,
ALLCOMBS is also specified with simpli¥ied verbal
parameters in free-format .style. Creation of mag-
netic files pecessarlly involves some peculiarities
of the job control languagé of a given installation

. 4
V. Preparation of the Examination Request

Where the slash symbol, / , denotes the end of
a record and the cent symbol, ¢ , denotes the end
ot a record block, the examination request is made
in the sequence of recerds shown in Illustration 3
at the bottom of this page.

As a specific example of the construction of an
examination request, the four questions presented
in Illustrations 1 and 2 in the preceding section
could have been retrieved by the examtnation re-
st shown as card images in Illustration & off the
wing page. N

Both the password and the.key for file encryp-
and decryption are unique to each file. The
ord is time dependent and *ALLCOMBS will

acg¢ess the computer system clock to permit only one |
aythorized file entry in any time period specified.
THe password disclosed, on one submission of a batch
n, cannot be used again for unauthorized. file

" access, nor is it likely that some trial process of

password generation will.permit unauthorized file
entry, particularly if the’decay interval of the
password is kept short. File decryption is made to
a scratch disc or tape only for those questions se-
lected for the examination and the scratch file is
cleared automatically after examination composition,

After the password in the examination request,
shown in Illustration 4, the next three records con-
tain identification of the instructor, class and
examination. To facilitate identification of. the
.output, theWYpirst twelve characters in each of «these
three records are block printed on the title page
for. the examination requesg. 4 ~

In the next record after- the examination iden-
tification record in Illustration 4, ‘options have
been entered for a seventy- character line to be
printed in two.columns for twenty recipients flot
named. The user has selected a common examination,
for all recipiemts, with one key to be printed., In
this record, the user could ‘'have entered ROSTER,
rathér than NOT NAMED = 20, to have obtained an
exadindgzgg_jpr all class members listed on a class
roster, or the user could have entered EACH NAMED,
to haye obtainad examinations for stidents named in
the last record blocR of this request file. |

For a common examingtion, the user could%& .
entered. , SCRAMBLE, to have the guestions reor d
randomly on each examination. 1f the examinees had
been “selected by ROSTER or EACH NAMED, the user
could have excluded questions previously given the-
cl%ss or individual student by entertﬂg CLASS NEW,

and vhis complete tOplc of file construttion is or STUDENT VEW . - .
deferred until a reference system and fnstallation . ’.
are defined. * ) ¢ . - L
1 , - N
Illustration 3 '

'Passwora / instructor ideotification / class identification / examlgztlon identification (by time

. or other distinction) / options for composition, for designation of the group of examinees, or for

. exclusion,of questiong given on previous examinations / literal instruction set for this ekamina-
tion / questions to be included or excluded by file number / questions to be rotrieved by question

' classification specified by Boolean operators / ; + » then any number of classification retrieval
records terminated.by the end-block symbol, ¢ / identificatioh of tndividual student and questions
e - on prior exaTinaoions / . . . then any nuhber of student recorda termtnated by the end-block symbol, ¢ /

-

+ . *
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L "Illustration 4 - v e
PASSWORD / ,JOE H JONES - NEELEY SCHOOL OF BUSINESS - XT 507 / ’ ,
. STAT 215¥ 20 / FEB 2.- DEMONSTRATION EXAMINATION / . -
. . " PAGE WIDTH = 70, COLUMNS = 2, . NOT NAMED = 20, COMMON, ONE KEY, /
. . THIS EXAMINATIQN HAS BEEN PREPARED TO DEMONSTRATE THE COMPOSITION

OF EXAMINATI BE OFFERED IN THIS chss THIS SEMESTER. ¢ / -
° INCLUDE, 760 / .
3, ( # MULTIPLE cnoxca # .OR. # SHORT-ANSWER COMPLETION # . OR ., °

# TRUE-FALSE # ) .AND.

’

. NOT . # DIPFICULTY VARD # / c* /
¥

. -
i

Selections of options which would lead t° proc- irplemented and documented by September 1976. No

.

A A e S e s & e

essing contradictionsg.are signalled by diagnostix
nessages t0 the user,” and in instances in which
reasonable resolution seems possibtle, a system de-
Jfault selection is made. .
The record following the'option§ record holds
the card image df instructions to'be printed on
each copy of the examination. In Illustration 4,
Lhis record begins with THIS EXAMINATION HAS . . .
. and ends with the end-block symbol, .d . Following
« this instruction set i{s a record conrnlning the
designatiep'of questions to be included or excluded
by file number. The option INCLUDE, followed® by
any set of file numbers will select those questidns
without re rd to question classification. The
option EEUDE will omit the following questions
t by file numper, irrespective of any other selection
option exc‘c isedi— —

L

** indicates that three quegtions are to be selected by
classificabiohs which meet the truth criteria of the
« logical expression shown in that record. Each ques-
tion classification in this record begins and ends
with the field mark, 4 , the numeric symbol, and
s each logical operator {s enclosed in periods, as in
‘ the syntax of FORTRAN IV. 'Parentheses control the
i ordering of evaluation of’ the logical expressions.

. In retrieving with\iogical expressions of ques-
. tion clagsifications, ALLCOMBS passes through the
complete questton file testing for the truth of the
logical expression in each classification set of
each question. Where the classifications satisfy
the logical _conditions ;pecified, the queation is
copied onte a disc file to form a collection®df
. questions from which final, random selection can, be
. made.

3

~

Thd examisation request\by classification can
consist of an unlimited block of these tlassifica-
tion request records, egch having a specification
of the number of questions to be selected by a
unique logical expresiion. The sample composition

¥ {n Illustration 1/66uld Hhave been retrieved by the
record block,reading: . . . /1, #MULTIPLE CHOICE#
[ 1, 0SHORT-ANSWER COMPLETION# / 1, #TRUE-FALSE# /

/C/.l..

. St . e 4
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Prospects for tie ALLCOMBS System

ALLCOMBS has been uti{lized in reduced form at
Texas Christian University for examination.composi-
tion in a class organizﬁf for self-paced instruc-
tion. Major features of° the design have been veri-
fied, but the full system is not yet implemented.
It is expected that the completc system will be

..
. . -3s2
Q >
" EMC . .. ]
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The record beginning with the numeric field "3," '

data are available on the total computer system
space requirements-or execution_ time characteristics
of ALLQOMBS. Nonetheless, some characteristics of
the system are sufficiently established that it does
not seem prematurg to offer some evaluation of tyem.

ALLCOMBS will share » princéipal characteristic
of all CATC systems in freeing the instructor from
major time demands of examination preparation. The
fnstructor will be freed to consider alternative
teaching forms such as self paced, competency -based
instruction. . .

“ ‘

Designed for the individual instructor, ALLEOMBS
will offer some convenience and simplicity of system
access which should serve to encourage the use of
CATC and the diffusign of its wdvantages.

* L ..

A major distinction’ of ALLCOMBS, which consti-
tutes a major advantage of this system over some
applications of 'CATC, is the generality of the
classification and retrieval system. It will ac-
cept virtually any system of classilicatioa and
will accept expansion of the classifications as
need and expeflence dictate.

ALLCOHBS will accept contradictory classifica-
tion sets for questions, so long as the classifica-
tions are unique character sets. For example, one
user of a file may classify a question as DIFFIGUL-
TY HARD and another user may disagree and classify
the question as RESCALE MODERATE. Retrieval can be
made by reference to either classification without
interference to any other user of the question set.?
A generalized question file,can tontain classifica- *
tions which tailor subsets of the file to specific
courses or instructors. .

The generality of the format and symbolic desig-
nation of data divisions should lead to. some effi~
¢iencies in exchange of question {item banks. It
should be possible to translate many item files in-
to ALLCOMBS format with a minimum of editing by
placement of symbols for data divisions in the ques-
tion record blogk.

.
s

And, finally, a note of discl&imer appropriate

‘to all CATC systems. The enjoygent of retrieval

and compositional efficiencies“comes after a suit- |
able question file has been created and verified:

"The opment and maintenance, of a question item

fjAe requires a major commitment of resources in
ordgr to have a file of sufficient breadth and rep-
l1icatfon to obtain full advantages of computer file
management. Establishment of a question file is |
ndt a problem to be minimized. The first question
a potential CATC user must answer is whcth?r the

.

game is worth this candle. _'. ,
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. CTSs (LL\ﬁSRnn“ 11 ACHLR SUPPORT SYSTEM)

-~

. Gerald Lippey °

-~ .

(1SS was developed during 1969 and 1970 as
ak experimental application under a joint
study agreement between IBM and the Los
Angeles City Unified School histrict.. It
1s now in use at several locations, most
of them institutions of higher education.

This application pgrew out of the'recognition
that a computer can perform an tmportant
function bv relieving the teacher of
clerical chares related to the construction
of tests, while leaving him free to mahke

“professional 1nstructional decisions.

Although it, has value in 1mproving pedago-
gy, 1t is primarily a cost-effective tool
for 1mproving praductivity: More’ infor-
mation regarding the rationale which un-
derlies applications of this kand may be
found 1n an article by the author (1975).
CISS uses a centradized data bank of yues-
tions on-disk storage to aid teachers 1n
constructing.tests and exercises. The
system also scores students' answep sheets.
It operates in bajch mode, with teacher
requests, tests, and scoring reports trans-
ported physically between the teacher and
computer center. in this connection, 1t
should be mentioned that the over- .
whelmimg majority of educationdl 1nsti-
tutions are not sufficiently affluent to
interactively administer tests 1n quan-
tity or even to provide teachers with
iermrnals which they might use to obtain
tebts. It would not, for example, be
feasible for the Los Angeles ~chools to
provide CTSS service via términals, and
this economic barriex 1is I'ihely to remain
for a long time.
~

© CTSS assists teachers 1n choosing qucsf

tions. Banked itemegmay be classified
along sevefal dimcnsions, including sub-
ject matter, diff{iculty, and behavior
required. Thcy-aré:rctricvqg according
to classification ‘criteria,set by the
teacher. Thus, a 1ist of qucstions’iay
be constructed so that 1t contajfis, for V'
example,2 number of questions
of several topics, with the desired miX
of difficulty levels.’ Specyfic items
may also be requested by their }dentxfi-
cation numbefs. i .

" .

each .

-for subsequent generations un
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[he 1tems seclected are listed as an "ex-
ercise," which is assigned a number and
remembered by the system. The teacher
may ,specify that items be deleted or add-
ed, to produce a new "generatian” of the
exercise. This process may be repeated

il the ex:
erci1se meets the teacher's ne ds.
With each exercise, the teacher receives
the classification assigned to the items
it contains. He also teceives references -
to two sources of published material assocCi-
ed with each question. A summary of the ~*
teacher's request and the items retrieved
as a consequence accompanies, the exercise.

As a, teacher option, an exercise may be
printed on reproduction masters. Also,
upon request, the system will create scv-
eral "versions" of an exercise, each hav- |

ing the items resequenced at random.

Wheh multiple-choice items are in use, £he
correct answers to exercises are remember-
ed by the system; SO scoring keys nedd not
be rsubmitted. The teacher may add items
of hi¢ own .to be scored and, in fact, may’
submit answer sheets for tests entirely
const ucted by him; in these cases, he
must of coursc provide the correct answers
to the questions he supplies *Scoring of
individual questions can bd éhﬁvresscd.,
The usual raw data, frcqucncyldi tribu-
tions, summary statiStics, and item re-
sponse breakdown aye provided to the* tea-
cher. Questions can be assigned to parts
of an exercisée, each of which will be
scored scparatcly.._lf scraqblgd versions
were obtained, .additional reports for

each version are ava;lablc.f

For each item collection, there is an item
statistics file which contains- usage data
for every question, This information in-
cludes the number of times the question
was selected by the, system, deleted frafi
an exercise by a teacher, and suppressed
from being scored. The file 41so contains
data obtained from scoring, such as the
cumulative number of responses to each
option and-a central tendgncy. of diseri-
mination indices. A program is available

. .
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to*test selected statistics against spe- Lippey, G: (Ed.) Computer-assisted test
citired thresholds to obtain a 1ist of construction. kEknglewood\CIiffs, NJ:

those questions likely to need revision’ Fducational Technology Publications, 1974.
Thresholds' can be set for high teacher . oo
rejection rate, low average discrimina- Lippey, G. Computer-manajed instruction:
tion index, unusualily heavy use of 4 Some strategic considerations. Educational

Jdistractor, and very high-6r low measur- Technology, 1975, 15(1), @-13.
ed dafficulty level. . '

. Lippey, G., Toggenburger, K., & Brown,
latormation on system activit 15 decu- C. D. Computer-bafed exerdises aid class-
nulated 1n a system statistics file. room teachers. Journal of the Associration
fhis f1le contains data on 25 Jifferent for Lducational Data System§, 1971, 4
hMinds of activity, representing the use 75-84,

of various CISS functions. The informa-

tion 1s accunulated simultancously over

two time pertrods (long and short). It is

classified by 1tem collection used and

by up to twelve groups.to which teachers

mav be assigned.  System activity reports

%y be obtarned at any time.

.
\n a~sortment of additional programs is
avatrlable for printing and updating item
buank~ and other files., Also, several do--
zen specralized programs were written to,
«11 those who . oversec system operation.
ver a dozen collections of machine-read-
atl¢ yuestions have been prepared for use
with CI8S, and others are under develop-~
mwent.

\Various aspects of CTSS have been des-
v11bed elsewhere. These include the role
1t plays 1n the Los Angeles City Schools
(Lippey et al, 1971) and the approach to
1ts implementation (Lippey, 1972). Since
these were prepared,” several improvements
were made to the system. Inquiries re-
garding 1ts present state and its avail-
ability should be directed to the author,

\lthough (18$ appears to be tlQ\most com-
prchop51vc Lltem retrieval and tést printing
system, there are a large number of aeom-
puter programs -which assist with test
construction. The author has briefly re-
viewed over 100 approaches, and there °
must be at least two to three times this
number. Most of them make use of test
Jtems 1n machine-readable form to print
questions on demand. Many include, as
’ocs CTSS, computer assistance in select-
1ng questions. Some 'generate” similar
questions using random techniques, and a
few assist only in the item selgction
process, leaving the items and tests to
be formatted and printed by conventional
means. A fairly detailed,discussion of
‘computer-assisted test construction can
be found in the book by this title
(Lippey, 1974).

v
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